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A: Árabe, Arabian
AA: Angloárabe, Angloarabian
ADP: Adenosín difosfato, adenosine diphosphate
AMP: Adenosín monofosfato, adenosine monophosphate
ATP: Adenosín trifosfato, adenosine triphosphate
BW: Peso corporal, body weight
CEMEDE: Centro de Medicina Deportiva Equina, Equine Sport Medicine Centre
CO2: Dióxido de carbono, carbon dioxide
E: Nivel de ejercicio, exercise level
EqCO2: Equivalente  ventilatorio  del  dióxido  de  carbono, ventilatory  equivalent  for 
carbon dioxide
EqO2: Equivalente ventilatorio del oxígeno, ventilatory equivalent of oxygen
ETF: Tiempo de ejercicio hasta la fatiga, exercise time to fatigue
FET: Test de ejercicio en campo, field exercise test
GP: Grupo de buen rendimiento, good performance group
HR: Frecuencia cardíaca, heart rate
HRLA2: Frecuencia cardíaca a una concentración de lactato de 2 mmol/l,  heart rate at a  
blood lactate concentration of 2 mmol/l
HRLA4: Frecuencia cardíaca a una concentración de lactato de 4 mmol/l,  heart rate at a  
blood lactate concentration of 4 mmol/l
HRmax: Frecuencia cardíaca máxima, maximal heart rate
IMP: Inositol monofosfato, inositol monophosphate
LA: Lactato, lactate
LAmax: Concentración máxima de lactato, maximal lactate concentration
LP: Grupo de rendimiento bajo, low performance group
MCT: Monocarboxilatos, monocarboxylate
MK: Miokinasa, miokinase
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MLSS: Estado estacional de la concentración máxima de lactato, maximal lactate steady 
state
MS: Medias cuadradas esperadas, expected mean squares
O2: Oxígeno, oxygen
OBLA:  Inicio  de  la  acumulación  de  lactato  en  sangre,  onset  of  blood  lactate 
accumulation
PaCO2: Presión arterial de CO2, CO2 arterial pressure
R: Reposo, rest 
RAnT: Umbral respiratorio anaerobio, respiratory anaerobic threshold 
RAT: Umbral respiratorio aerobio, respiratory aerobic threshold 
RE: Economía de carrera, running economy
RER: Cociente de intercambio respiratorio, respiratory exchange ratio
RR: Frecuencia respiratoria, respiratory rate
SD: Desviación estándar, standard deviation
STPD:  Temperatura  estándar,  presión  estándar  y  condiciones  secas,  standard 
temperature and pressure, dry conditions
TET: Test de ejercicio en cinta rodante, treadmill exercise test
TV: Volumen tidal o corriente, tidal volume
TVpeak: Volumen tidal pico, peak tidal volume
UA: Ácido úrico, uric acid
V150: Velocidad a una frecuencia cardíaca de 150 lat/min, velocity at a heart rate of 150  
beats/min
V160: Velocidad a una frecuencia cardíaca de 160 lat/min, velocity at a heart rate of 160  
beats/min
V180: Velocidad a una frecuencia cardíaca de 180 lat/min, velocity at a heart rate of 180  
beats/min
V200: Velocidad a una frecuencia cardíaca de 200 lat/min, velocity at a heart rate of 200  
beats/min
VCO2: Producción de CO2, CO2 production
VCO2peak: Producción pico de CO2, peak CO2 production
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VE: Ventilación minuto, minute ventilation
VEpeak: Ventilación minuto pico, peak minute ventilation
VHRmax: Velocidad a la que se alcanza la frecuencia cardíaca maxima, velocity at which 
maximal heart rate is achieved
VLA2: Velocidad a una concentración de lactato de 2 mmol/l,  velocity at a blood lactate  
concentration of 2 mmol/l
VLA4: Velocidad a una concentración de lactato de 4 mmol/l,  velocity at a blood lactate  
concentration of 2 mmol/l
VO2: Consumo de oxígeno, oxygen uptake
VO2max: Consumo máximo de oxígeno, maximal oxygen uptake
VO2peak: Consumo pico de oxígeno, peak oxygen uptake
VT1: Umbral ventilatorio 1, ventilatory threshold 1
VT2: Umbral ventilatorio 2, ventilatory threshold 2
WD: Enfriamiento, warming-down
WU: Calentamiento, warming-up
XA: Cruce con Árabe, cross-bred Arabian
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La evolución del caballo como animal que pastaba en grandes praderas ha hecho 
de él un atleta extraordinario. La supervivencia en estas tierras abiertas estaba ligada a la 
velocidad, para escapar de los predadores y a la resistencia, necesaria para viajar largas 
distancias en busca de agua y comida. Estas características de velocidad y resistencia, 
innatas en el caballo, han sido modificadas o incrementadas, con posterioridad, mediante 
la selección  por parte  del  hombre.  El  caballo  se ha criado para numerosos  usos.  Los 
caballos  de  carreras  pueden  correr  a  velocidades  elevadas  (18  m/s,  64  km/h)  sobre 
distancias cortas a medias, de 800 a 5000 m (Pura Sangre Inglés), o hacer rápidos sprints, 
a velocidades de hasta 88 km/h, sobre 400 m (Cuartos de milla). Asimismo, son capaces 
de recorrer distancias de hasta 160 km en un solo día o realizar competiciones de varios 
días sobre distancias  más largas.  Los caballos de tiro son capaces  de tirar  y arrastrar 
grandes cargas (más de 1000 km) (Muñoz et al., 2011; Tofé et al., 2013). Los caballos de 
doma son capaces de llevar a cabo actividades elegantes, pero demandantes desde puntos 
de vista metabólico y locomotor. 
Independientemente de su tamaño o uso, todos los caballos poseen la capacidad 
de realizar actividades físicas varias, como carreras o salto, a un nivel que supera al de la 
mayoría de las especies de tamaño corporal similar.  Esta mayor capacidad atlética del 
caballo  se  atribuye  a  diversas  características  fisiológicas,  concretamente  a:  1)  gran 
capacidad  aerobia  máxima;  2)  capacidad  elevada  de  acumulación  de  substratos 
energéticos  en  las  fibras  musculares,  concretamente  glucógeno  y  en  segundo  lugar, 
lípidos; 3) gran volumen mitocondrial fibrilar; 4) importante capacidad de transporte de 
O2 en la sangre desde el inicio de la actividad física, debido a la esplenocontracción y 
liberación de hasta 12 l de sangre rica en hematíes; 5) eficiencia locomotora; 6) eficiencia 
termorreguladora (Constantinopol et al., 1989; Jones et al., 1989; Karlström et al., 1992; 
1994). 
La  capacidad  aerobia  máxima del  caballo,  expresada  en función  del  consumo 
máximo de oxígeno (VO2máx) es aproximadamente 2,6 veces la de una vaca de tamaño 
corporal  similar  (Jones  et  al.,  1989).  Esta  capacidad  aerobia  superior  en  caballos  se 
consigue  a  través  de  valores  elevados  de  rendimiento  cardiaco  máximo,  volumen 
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contracción  y  concentración  de  hemoglobina.  La  frecuencia  cardíaca  máxima  no  es 
diferente entre caballos y vacas. Además de las diferencias cardiovasculares entre ambas 
especies, el pulmón equino tiene dos veces el tamaño del pulmón bovino y su superficie 
de intercambio gaseoso es 1,6 veces el de la vaca (Constantinopol et al., 1989). Es decir, 
los  caballos  presentan  adaptaciones  estructurales  que  propician  la  oxigenación  de  la 
sangre en los pulmones, el transporte de O2 en la sangre y la capacidad de liberación 
hacia los tejidos, concretamente hacia las fibras musculares. La cadena de transporte de 
O2  en el caballo, desde el aire hasta los músculos, está preparada para el transporte de 
grandes cantidades de este gas, necesario para mantener la intensa tasa metabólica del 
caballo en ejercicio. 
Esta elevada intensidad metabólica es mantenida por el metabolismo energético, 
para el  cual  se requieren substratos,  tales como carbohidratos o lípidos. La  oxidación 
lipídica es limitada, alcanzándose una oxidación máxima a una intensidad de trabajo del 
40-60% VO2max (Weber  et al., 1996a; Achten  et al., 2002). A una intensidad de trabajo 
superior al 60%VO2max, el metabolismo es mantenido mediante el desdoblamiento de los 
carbohidratos,  predominantemente  glucógeno (Weber  et  al.,  1996b).  El  caballo  posee 
elevadas  concentraciones  de  glucógeno  intramuscular,  al  igual  que  otras  especies 
atléticas,  como el perro (Weibel  et al.,  1996; Reynolds et al.,  1997; McKenzie et  al., 
2008). La concentración muscular de glucógeno en el caballo es aproximadamente 140 
mmol/kg  de  músculo (peso  seco),  en  comparación  con  80-100  mmol/kg en  personas 
(Essén-Gustavsson et al., 1989; Waller and Lindinger, 2010; Manabe et al., 2013; Nielsen 
y Ortenblad, 2013). El glucógeno intramuscular es esencial para la contracción muscular 
en el ejercicio. El flujo de glucosa desde la sangre hacia músculo y posteriormente hacia 
la mitocondria proporciona solo una pequeña cantidad de energía (menos de un 10%) 
durante el ejercicio intenso, posiblemente debido a una limitación en el transporte (Geor 
et al., 2000; Muñoz et al., 2002; Bröjer et al., 2012).
La  capacidad  oxidativa  muscular  depende  de  la  cantidad  de  mitocondrias  en 
músculo. El músculo equino contiene aproximadamente dos veces más mitocondrias que 
el  músculo bovino,  un  animal  con  un tamaño físico  similar,  pero  con  mucho menor 
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capacidad oxidativa (Kayar  et al., 1989; 1994; Votion et al., 2012). El transporte de O2 
desde  el  pulmón  hacia  el  músculo  en  ejercicio  se  consigue  mediante  la  circulación. 
Además del rendimiento o gasto cardiaco , hay que considerar la capacidad de transporte 
de O2 en la sangre. La contracción del bazo en el caballo, en anticipación y durante el 
ejercicio, incrementa la masa roja circulante sin un aumento concomitante del volumen 
plasmático (Persson, 1967; McKeever  et  al.,  1993a,b; Boucher  y Connes,  2008).  Esta 
circunstancia, resulta en una gran elevación en la capacidad de transporte de O2 en sangre 
arterial durante el ejercicio intenso, de hasta un 50%. De hecho, el efecto beneficioso de 
la  contracción  esplénica  y  de  la  ‘autotransfusión’  consiguiente  se  ha  confirmado  en 
caballos  tras  una  esplenectomía  (McKeever  et  al.,  1993a,b).  La  esplenectomía  en  el 
caballo,  reduce  la  capacidad  oxidativa  y  por  tanto,  la  capacidad  para  llevar  a  cabo 
actividades físicas intensas. 
Hasta este momento, la mayor parte de las investigaciones realizadas en fisiología 
del ejercicio y medicina deportiva equina se han centrado en dos tipos de atletas: Pura 
Sangre Inglés y trotones  Standardbreds. La información sobre caballos de doma queda 
muy  restringida  a  descripción  de  patologías  y  factores  de  riesgo  o  características 
locomotoras (Bitschnau et al., 2010; Bystrom et al., 2010; Van Erck, 2011). También se 
dispone  de  información  sobre  cambios  fisiológicos  en  ejercicio,  entrenamiento  y 
competición  en  caballos  de  salto  de  obstáculos  (Art  et  al.,  1990a,b;  Sloet  Van 
Oldruitenborgh-Oosterbaan  et al.  , 2006; Lönnell  et al.  , 2014), concurso completo de 
equitación (Andrews et al., 1995; Williamson et al., 1996; Muñoz et al., 1999; Serrano et  
al.,  2002; Williams y Burk, 2012) o polo (Marlin y Allen,  1999; Ferraz  et al.,  2010; 
Zobba et al., 2011). 
La  investigación  sobre  caballos  de  resistencia  o  raid  se  ha  centrado 
fundamentalmente en la descripción de las adaptaciones a competiciones sobre diferentes 
distancias, en condiciones climáticas distintas, como demuestra la numerosa bibliografía 
al respecto (Ecker y Lindinger, 1995; Lindinger y Ecker, 1995; Schott et al., 1997; 2006; 
Barton  et al., 2003; Castejón  et al.,  2006; Muñoz et al.,  2006; 2010a,b; Cottin  et al., 
2010; Scoppetta et al., 2012). Estos trabajos demuestran que el caballo de resistencia es 
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capaz de llevar a cabo ejercicios submáximos de larga duración incrementando su tasa 
metabólica hasta 10-20 veces, con una gran producción de energía. Aproximadamente un 
70-80%  de  esta  energía  se  elimina  en  forma  de  calor,  siendo  la  evaporación,  tanto 
sudorativa como evaporación de vapor de agua a través de las membranas respiratorias, el 
principal mecanismo termolítico en el caballo (Rose et al., 1980; Hodgson  et al., 1993; 
Spooner et  al.,  2010).  De hecho, se han descrito tasas de sudoración de 10-15 l/h en 
condiciones  ambientales  calurosas  y  húmedas  (McCutcheon  y  Geor,  1996).  Las 
principales consecuencias de la sudoración sostenida del caballo de raid en competición 
son la deshidratación y la pérdida electrolítica,  ya  que el  sudor equino es isotónico a 
ligeramente hipertónico en relación al plasma, conteniendo altas concentraciones de Na, 
K, Cl y algo de Ca y Mg (Dahlborn et al., 1999; Kingston et al., 1999). Por este motivo, 
numerosas investigaciones han evaluado las alteraciones electrolíticas en caballos de raid, 
el desarrollo de diversas estrategias de rehidratación y las consecuencias patológicas de 
dichas alteraciones (Düsterdieck  et al., 1999; Butudom  et al., 2002; 2003; Hess  et al., 
2005; Muñoz  et al.,  2010a,b; Fielding y Dechant,  2012; Larsson et al.,  2013). En los 
últimos años, la investigación se ha centrado en la evaluación de los factores de riesgo de 
eliminación de caballos en competición (Nagy et al., 2010; 2014; Fielding et al., 2011). 
Un test de ejercicio es un procedimiento de evaluación del estado de forma física 
y del nivel de entrenamiento, con valor diagnóstico y pronóstico en caso de reducción de 
rendimiento  deportivo.  No  se  conoce  mucho  sobre  el  diseño,  medidas  a  realizar  e 
interpretación de los tests de ejercicio en caballos de resistencia, existiendo tan solo dos 
artículos sobre este tema (Fraipont et al., 2011; 2012), si bien el primero está enfocado al 
diagnóstico  de  pérdida  de  rendimiento  en  este  tipo  de  caballos.  En  la  presente 
investigación,  hemos llevado a cabo un estudio retrospectivo de los tests de ejercicio 
realizados en el Centro de Medicina Deportiva Equina (CEMEDE) de la Universidad de 
Córdoba en caballos de resistencia, tanto en cinta rodante o treadmill como en campo. La 
tesis se ha estructurado en varios estudios: 
En  el  primer  estudio (Study  I,  ‘Design  of  field  and  treadmill  standardized  
exercise tests for the endurance horse’, Diseño de tests de ejercicio estandarizados, en 
36
Field and treadmill exercise tests in endurance horses
campo y en cinta rodante, para caballos de raid) se describen, de forma comparativa con 
la bibliografía sobre otros tipos de atletas equinos, los tests de ejercicio que se llevan a 
cabo  en  el  CEMEDE,  discutiendo  diversas  características  de  su  diseño,  tales  como 
características del periodo de calentamiento, número y duración de las cargas de esfuerzo, 
velocidad inicial y final del test, periodo de recuperación entre cargas y características del 
periodo de enfriamiento. Además, se analizan las ventajas e inconvenientes de estos tests 
y se evalúa si el diseño de los tests permite la obtención de índices de funcionalidad que 
puedan ser usados en la programación y seguimiento del entrenamiento en este tipo de 
caballos.  Para  ello,  se  estudian  las  regresiones  matemáticas  entre  la  velocidad,  la 
frecuencia cardíaca y la concentración de lactato en sangre. 
En  el  segundo  estudio (Study  II,  ‘Ergoespirometric  measurements  during  a 
treadmill exercise test in the endurance horse’, Adaptaciones ergoespirométricas durante 
un  test  de  ejercicio  en  treadmill en  caballos  de  resistencia)  se  presentan  los  datos 
ergoespirométricos en caballos de raid, obtenidos a partir de una máscara respiratoria, e 
integrando  tanto  parámetros  de  intecambio  gaseoso  como  ventilatorios.  Se  ha 
diferenciado entre  caballos  con diferente nivel  de entrenamiento/rendimiento,  caballos 
con  buen  y  bajo  rendimiento,  en  función  de  la  información  proporcionada  por  el 
propietario-jinete. El grupo con bajo rendimiento ha integrado a animales al inicio del 
entrenamiento o con forma física reducida, pero sin patologías evidentes. 
En  el  tercer  estudio (Study  III,  ‘Cardiovascular  and  metabolic  indices  in  
endurance horses with different performance’, Indices de funcionalidad cardiovascular y 
metabólicos  en  caballos  de  resistencia  con  diferente  rendimiento),  se  evalúan  las 
relaciones matemáticas entre velocidad, frecuencia cardíaca y concentración de lactato 
durante un test de ejercicio en treadmill en caballos de raid, divididos en dos grupos con 
rendimiento diferente.  A partir  de dichas regresiones, se han calculado dos índices de 
capacidad cardiovascular, V150 y V200, velocidades que inducen frecuencias cardiacas de 
150 y 200 lat/min de forma respectiva y dos índices de capacidad metabólica,  VLA2 y 
VLA4, velocidades de ejercicio que inducen concentraciones de lactato en sangre de 2 y 4 
mmol/l respectivamente. Además, se han incluido dos índices más en este estudio: HRLA2 
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HRLA4,  frecuencias  cardiacas  de  ejercicios  a  las  cuales  los  caballos  muestran 
concentraciones  de  lactato  de  2  y  4  mmol/l.  También  se  han  analizado  las 
concentraciones de ácido úrico, basales y post-ejercicio. Este compuesto proviene de la 
degradación de los nucleótidos de purina en el músculo y su aparición en el  torrente 
circulatorio  constituye  una pérdida  neta de  adenina  en el  músculo.  La  adenina  es  un 
componente fundamental  del  adenosín trifosfato  o  ATP,  por  lo que su pérdida  se ha 
asociado a fatiga, al limitar la resíntesis de ATP en ejercicios, tanto de intensidad máxima 
como submáxima (Schuback y Essén-Gustavsson, 1998; Essén-Gustavsson et al., 1999; 
Castejón et al., 2006). Finalmente, se han evaluado las relaciones entre estos índices de 
función cardiovascular y metabólica, las variables ergoespirométricas, presentadas en el 
estudio II  y el tiempo de ejercicio hasta la fatiga.  Como en nuestra investigación, los 
caballos han sido sometidos a tests de intensidad creciente, se ha controlado el tiempo de 
ejercicio hasta que los animales no fueron capaces de mantener la velocidad requerida y 
este tiempo ha sido correlacionado con los diversos parámetros fisiológicos medidos y los 
índices de funcionalidad calculados, para analizar sus principales determinantes. 
Finalmente,  se  presenta  el  artículo titulado  ‘Comparative  ergoespirometric 
adaptations to a treadmill exercise test in untrained show Andalusian and Arabian 
horses’, publicado en la revista Veterinary Research Communications en el año 2012. 
Como se verá a lo largo de esta Tesis Doctoral, los caballos de raza árabe y sus cruces 
son los más empleados y que logran unos mejores resultados deportivos en resistencia. 
De hecho, desde el año 1996, un 51% de los mejores caballos de resistencia en Europa 
son Árabes (Buffet et al., 2009). Los caballos Árabes poseen características metabólicas, 
musculares y morfológicas que les hacen idóneos para pruebas de resistencia, tales como 
una alzada limitada a la cruz (150-155 cm), con un alto porcentaje de masa muscular libre 
de grasa y una elevada proporción de fibras tipo I y IIA (capacidad oxidativa elevada) 
frente a las tipo IIX (capacidad oxidativa reducida) (Cottin et al., 2010). Además, estos 
caballos  tienen  un  metabolismo  energético  particularmente  útil  para  el  ejercicio  de 
resistencia.  Prince  et  al. (2002)  compararon  la  respuesta  a  un  ejercicio  de  duración 
moderada a prolongada en caballos Árabes y Pura Sangre Inglés. Los caballos Árabes 
usaron  de forma preferencial  los  lípidos  como fuente  energética  durante  este  tipo de 
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actividad física. 
En nuestro artículo (Castejón-Riber et al., 2012) se incluyeron caballos Árabes de 
exhibición morfológica, en los que se no ha llevado a cabo una selección genética para 
resistencia  sino  en  base  a  sus  criterios  morfológicos,  y  se  comparó  su  adaptación 
ergoespirométrica a un test de intensidad creciente en cinta rodante con caballos Pura 
Raza  Española.  El  objetivo  fundamental  era  evaluar  sí,  la  mejor  adaptación  de  los 
caballos Árabes al ejercicio submáximo prolongado es algo innato en esta raza o por el 
contrario, está asociada a una selección genética para pruebas de resistencia. 
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La información relativa al uso de tests de ejercicio, en campo o en cinta rodante, 
para evaluar  el  estado de forma física,  nivel  de entrenamiento y predecir  rendimiento 
deportivo en caballos de raid es muy limitada. 
Por este motivo, el OBJETIVO PRINCIPAL de esta Tesis Doctoral es analizar la 
utilidad  y  evaluar  el  diseño  metodológico  de  los  tests  de  ejercicio  para  caballos  de 
resistencia,  a  partir  de  los  cuales  se  obtendrán  índices  de  funcionalidad 
ergoespirométricos, cardiovasculares y metabólicos que nos indicarán el nivel de forma 
física, servirán para diseñar programas de entrenamiento individualizados y permitirán 
discriminar aquellos caballos que posean un mejor o peor estado de forma física. Con ello 
perseguimos aportar datos que nos permitan, desde un punto de vista práctico, establecer 
el nivel de entrenamiento y de forma física de un caballo de raid en concreto, a partir de 
los resultados obtenidos en un test de ejercicio. 
Como OBJETIVOS PARTICULARES se encuentran los siguientes: 
PRIMERO. Describir de forma comparativa y crítica los tests de ejercicio usados 
de forma habitual para los caballos de resistencia en el Centro de Medicina Deportiva 
Equina, analizando sus ventajas e inconvenientes e investigando si dichos protocolos de 
tests permiten la obtención de índices de funcionalidad. 
SEGUNDO.  Analizar  la  evolución  de  los  principales  parámetros 
ergoespirométricos en caballos de resistencia durante un tests de ejercicio en  treadmill, 
evaluando las diferencias entre caballos con diferente nivel de rendimiento y estado de 
forma física. 
TERCERO. Analizar  las  diferencias  en  los  índices  de  funcionalidad 
cardiovascular  y metabólica en caballos  de raid  con diferente estado de forma física, 
obtenidos durante un test de ejercicio en cinta rodante. 
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CUARTO. Establecer  las  características  ergoespirométricas  y  los  índices  de 
funcionalidad cardiovascular y metabólica que caracterizan a un caballo de raid con buen 
rendimiento físico. 
Las hipótesis a comprobar son: 1) Que el protocolo metodológico usado de forma 
habitual  para  los  caballos  de  resistencia  en  el  Centro de  Medicina  Deportiva  Equina 
permitirá el uso de los índices de funcionalidad más utilizados habitualmente en caballos 
de deporte; 2) Que los caballos de raid con un estado de forma física superior mostraran 
un consumo de oxígeno (VO2) superior, y una velocidad más elevada a la cual el cociente 
de  intercambio  respiratorio  (RER)  supera  la  unidad,  como  reflejo  de  un  potencial 
oxidativo  mayor;  3)  Que  los  índices  de  funcionalidad  cardiovascular  (V150 y  V200)  y 
metabólicos (VLA2 y VLA4) serán más altos en los caballos con mayor rendimiento; 4) Que 
la concentración de ácido úrico en sangre tras el test  de ejercicio  será inferior  en los 
caballos con mejor forma física; 5) Que el tiempo de ejercicio hasta la fatiga será mayor 
en los caballos con mejor rendimiento y mostrará correlaciones positivas con los índices 
de funcionalidad ergoespirométricos, cardiovasculares y metabólicos. 
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6.1. CABALLOS
En la  presente  investigación  se  han  introducido  caballos  de  resistencia  o  raid 
presentados  al  Centro  de  Medicina  Deportiva  Equina  (CEMEDE)  de  la  Facultad  de 
Veterinaria de la Universidad de Córdoba, durante el periodo 2003-2013. 
Los criterios seguidos para seleccionar los caballos han sido los siguientes: 1) Ser 
un caballo en entrenamiento y/o en competición para pruebas de resistencia (incluidos 
animales al inicio del entrenamiento); 2) Haber sido sometidos a un test de ejercicio, en 
campo o en cinta rodante en el CEMEDE; 3) No presentar una patología que cause una 
disminución severa de rendimiento físico o que incapacite al animal para la realización de 
un test  de ejercicio;  4) Aceptación  por  parte  del  propietario,  jinete  o responsable del 
caballo de participación en la investigación. 
En  el  estudio  I  (epígrafe  8.4.1.),  se  estudiaron  46  caballos  de  resistencia  (22 
hembras,  20  machos  castrados  y  4  sementales),  de  varias  razas  (25  Árabes,  15 
Angloárabes  y  6  cruzados  con  Árabe),  todos  ellos  adultos.  Estos  animales  fueron 
divididos en dos grupos: aquellos que realizaron un test de ejercicio en campo (n=17) y 
los que realizaron un test de ejercicio en treadmill (n=29). 
En los estudios II y III (epígrafes 9.4.1. y 10.4.1., respectivamente) se incluyeron 
29  caballos  de  resistencia  que  llevaron  a  cabo  un  test  de  ejercicio  en  treadmill 
(coincidentes  con los animales que hicieron el  ejercicio en  treadmill en el  estudio I). 
Estos animales fueron 18 hembras, 9 machos castrados y 2 sementales y en relación a la 
raza, el grupo estuvo constituido por 16 Árabes, 6 Anglo-Árabes y 7 cruzados de Árabes. 
Los caballos fueron divididos en dos grupos,  según su forma física y rendimiento. El 
grupo GP (buen rendimiento o con forma física adecuada, n=19) incluyó animales con un 
rendimiento acorde a lo esperado por el propietario y que fueron remitidos para modificar 
su programa de entrenamiento o para realizar un seguimiento físico. Los caballos del 
grupo  LP  (poco  rendimiento  o  con  forma  física  deficiente,  n=10)  mostraban  un 
rendimiento inferior al esperado, en muchos casos porque no estaban en entrenamiento 
activo  en  el  momento  o  bien  porque  iban  a  iniciar  su  entrenamiento  (inicio  de 
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entrenamiento o tras una supresión del mismo). Como se ha comentado en el  párrafo 
anterior, se eliminaron aquellos caballos que fueron remitidos por pérdida de rendimiento 
asociada a patología evidente (patologías respiratorias, neurológicas, cojeras...). 
6.2. MANEJO, ALIMENTACIÓN Y ACLIMATACIÓN A LA CINTA RODANTE 
Y MÁSCARA RESPIRATORIA
Los  caballos  del  estudio  I  que  hicieron  un  test  de  ejercicio  en  campo  no 
requirieron ningún proceso de adaptación, por lo que, tras su recepción, se dejó al animal 
descansar entre 1-2 hrs en un box y seguidamente, se inició su preparación para el test. 
Por el contrario, los animales que realizaron un test de ejercicio en treadmill, necesitaron 
un periodo de estancia en el Centro de Medicina Deportiva Equina de entre 1-5 días (1-2 
días para aquellos caballos que ya habían estado previamente en el Centro, 3-5 días para 
aquellos caballos que eran introducidos por primera vez en el treadmill). 
La  aclimatización  al  treadmill consistió  en  ejercicios  diarios,  a  diferentes 
velocidades y aires, realizados a una frecuencia de 3-5 días por semana durante unos 5 
días.  Además,  durante  este  periodo,  los  animales  se  adaptaron  a  llevar  la  máscara 
respiratoria,  primero en reposo y después en el  treadmill. Se consideró que el  animal 
estaba adaptado al procedimiento cuando era capaz de modificar el aire y la velocidad de 
ejercicio con facilidad y no presentaba un nerviosismo evidente durante el ejercicio. El 
procedimiento exacto de aclimatización se describe en los epígrafes 9.4.2 y 10.4.2.
La  alimentación  de  cada  caballo  no  se  estandarizó.  Se  recomendó  que  cada 
propietario aportase la comida que consumía de forma rutinaria  cada animal,  para no 
realizar cambios bruscos de alimentación. No obstante, los tests de ejercicio se llevaron a 
cabo, bien con el caballo en ayunas, bien al menos 3 hrs después de haber comido, para 
no influenciar la respuesta metabólica al ejercicio.  
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6.3. TESTS DE EJERCICIO EN CAMPO Y EN TREADMILL
Los tests de ejercicio en campo (estudio I) se realizaron en una pista de arena de 
consistencia dura, localizada cerca del CEMEDE. El periodo de calentamiento consistió 
en recorrer la distancia comprendida entre este Centro y la pista, aproxidamente unos 
1000 m. Este periodo se efectuó al paso. El test en campo se inició con una velocidad de 
15 km/h, durante 3 min, incrementando la velocidad en 3 km/h en cada carga de trabajo. 
La duración de cada carga de esfuerzo fue de 3 min. Por tanto, las velocidades de las 
cargas de esfuerzo fueron 15, 18, 21, 24 y en algunos casos, 30 km/h. El número de 
cargas  de esfuerzo varió  según  el  estado de forma física de los caballos.  Se dio  por 
finalizado el test de ejercicio cuando las concentraciones de lactato en sangre superaron 
los 4 mmol/l o bien cuando el caballo mostraba signos de fatiga moderada a intensa. El 
periodo de enfriamiento  fue  de  igual  características  que el  periodo  de  calentamiento, 
recorriendo al paso la distancia comprendida entre la pista y el Centro al paso (epígrafe 
8.4.3.). 
Los tests de ejercicio en  treadmill (estudios II y III)  se llevaron a cabo en una 
cinta rodante de alta velocidad o treadmill1. El test estuvo precedido de un calentamiento 
(5  min  al  paso,  warming-up  1,  WU1;  5  min  al  trote,  warming-up  2,  WU2)  con  el 
treadmill sin inclinación. A continuación, se inclinó el  treadmill un 6% y los caballos 
iniciaron el test a una velocidad de 5 m/s. Cada 3 min se incrementó la velocidad en 1 
m/s, hasta que el caballo no fue capaz de mantener la velocidad requerida. El número de 
cargas de esfuerzo, por tanto, varió según el nivel de forma física de cada animal (E1, 5 
m/s,  hasta  E6,  10  m/s).  Finalmente,  el  test  de  ejercicio  concluyó  con  un  periodo  de 
recuperación, de características similares al calentamiento, pero a la inversa (5 min de 
trote,  warming-down 1, WD1; 5 min de paso,  warming-down 2, WD2), con el treadmill 
sin inclinación. La  descripción de este test  se  realiza en los epígrafes  8.4.2.,  9.4.3.  y 
10.4.3. 
1 Mustang 2000, Kagra® Fahrwangen, Switzerland
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6.4.  MONITORIZACIÓN  DE  LOS  CABALLOS  DURANTE  LOS  TESTS  DE 
EJERCICIO
6.4.1. MONITORIZACIÓN DE LA FRECUENCIA CARDÍACA
Tanto en los tests de ejercicio en campo como en treadmill, y en los tres estudios, 
se procedió al control de la frecuencia cardíaca (HR) en ejercicio. Para ello, los caballos 
llevaron un medidor de frecuencia cardíaca o pulsómetro2. Una vez finalizado el test, los 
datos se transfirieron mediante un programa de ordenador específico3. A lo largo de esta 
investigación, los datos de HR se han presentado como la media de los últimos 30 s de 
cada carga de esfuerzo, cuando se apreció que se producía una estabilización de los datos 
de HR. Más información sobre  la monitorización de HR se muestra en los  epígrafes 
8.4.4., 9.4.6. y 10.4.5. 
6.4.2. VARIABLES ERGOESPIROMÉTRICAS
Las  medidas  ergoespirométricas  se  llevaron  a  cabo  mediante  el  uso  de  una 
máscara  respiratoria,  colocada  en la cabeza del  caballo,  sobre los  ollares  y  boca4.  El 
espacio  libre  entre  la  máscara  y  el  hocico del  caballo  se  selló  mediante  una  cámara 
neumática. Las medidas de los flujos aéreos se realizó mediante un analizador metabólico 
de gases, sistema que consta de un transductor fijado a la parte rostral de la máscara, 
donde se sitúa el sensor de flujo ultrasónico, infrarrojo y el agujero de entrada para las 
muestras de aire para determinar los porcentajes de los gases O2 y CO2. La temperatura 
ambiental y la presión barométrica se monitorizaron de forma continua durante el test de 
ejercicio, de modo que los valores de los gases obtenidos, se corrigieron en función de 
presiones y temperaturas  estándares en condiciones de no humedad. Más información 
sobre las características de la máscara y el procedimiento de medición se presenta en el 
estudio II, epígrafe 9.4.4. 
2 S800, Polar Pro-Trainer 5, Polar Electro®, Finland
3 Polar ProTrainer 5 Software, Polar Electro®, Finland
4 MetaVet V.1.0., Metasoft, Cortex Biophysik®, Leipzig, Germany
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El  consumo  de  oxígeno  (VO2,  ml/kg/min)  se  cuantificó  mediante  una  célula 
electroquímica  y  la  producción  de  CO2 (VCO2,  ml/kg/min)  mediante  un  sensor  de 
infrarrojos de un solo rayo no dispersivo. Se han presentado los datos de estas variables 
durante los últimos 60 s de cada carga de esfuerzo. Además, la máscara respiratoria midió 
el  volumen  tidal  (TV,  l)  y  la  frecuencia  respiratoria  (RR,  respiraciones/min)  y  se 
calcularon  los  siguientes  parámetros:  ventilación  minuto,  (VE,  l/min;  TV  x  RR), 
equivalente ventilatorio para O2 (EqO2, VE/VO2, l/l), equivalente ventilatorio para CO2 
(EqCO2, VE/VCO2, l/l), cociente o ratio de intercambio respiratorio (RER, VCO2/VO2). 
Se registró el tiempo de ejercicio hasta la fatiga (ETF, s), considerado como el 
periodo de tiempo desde el inicio del test (excluyendo el periodo de calentamiento) hasta 
el  momento  en  el  que  el  caballo  fue  incapaz  de  mantener  la  velocidad  requerida 
(excluyendo  el  periodo  de  enfriamiento).  Se  calcularon  los  umbrales  respiratorios, 
aerobio (RAT, m/s) y anaerobio (RAnT, m/s) según el método descrito por Skinner y 
McLellan (1980). En el epígrafe 9.4.5. se presenta más información sobre el cálculo y las 
implicaciones fisiológicas de estos umbrales. 
6.4.3. PARÁMETROS METABÓLICOS 
En  el  estudio  III,  se  tomaron  muestras  de  sangre  de  la  vena  yugular  en  los 
siguientes tiempos: en reposo, antes de iniciar el test de ejercicio, dentro de los 30 s tras 
el  periodo  de  calentamiento  (WU2)  y  dentro  de  los  primeros  30  s  tras  cada  fase  de 
ejercicio (E) y al final del periodo de enfriamiento (WD2). Tras la extracción de sangre, 
las muestras se introdujeron en tubos sin anticoagulante, para la medición de ácido úrico 
(UA, mg/dl). Las concentraciones de UA se midieron solo en dos tiempos: en reposo y 
después de la velocidad E4, 8 m/s. Se seleccionó esta intensidad de esfuerzo porque todos 
los caballos estudiados (n=29) fueron capaces de alcanzar esta velocidad. 
Además, una gota de sangre sin anticoagular, directamente de la jeringa, se utilizó 
para  medir  la  concentración  sanguínea  de  lactato  (LA,  mmol/l),  utilizando  un 
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lactacidómetro5. Más información sobre estas determinaciones se presenta en el estudio 
III, epígrafe 10.4.6. 
6.4.4. ÍNDICES DE FUNCIONALIDAD
En los estudios I y III se introdujeron los siguientes índices de funcionalidad: V150 
y V200 (velocidades de ejercicio a una HR de 150 y 200 lat/min), VLA2 y VLA4 (velocidades 
de ejercicio a una concentración sanguínea de LA de 2 y 4 mmol/l) y HRLA2 y HRLA4 
(HRs a concentraciones sanguíneas de LA de 2 y 4 mmol/l). V150 y V200 se obtuvieron 
mediante extrapolación de la relación lineal entre velocidad y HR y VLA2 y VLA4 mediante 
extrapolación de la relación exponencial entre velocidad y acumulación de LA en sangre. 
Para ello, se usó el programa de estadística Statistica6,. Los índices HRLA2 y HRLA4 fueron 
calculados usando un sofware específico7. Más información sobre el procedimiento de 
obtención de estos índices se presenta en el estudio III, epígrafe 10.4.7. 
6.4.5. ESTUDIO ESTADÍSTICO
En los tres estudios, los datos se presentan como medias y desviación estándar 
(X± SD, standard deviation). El nivel de significación se ha definido, en todos los casos, 
a nivel de p<0,05. El estudio estadístico se ha llevado a cabo con el programa Statistica8.
En  el  estudio  I,  se  representaron  gráficamente  los  datos  de  velocidad  y 
concentración de LA para evaluar la mejor ecuación matemática.  Para ello, se usaron 
modelos  lineales,  exponenciales  y  polinómicos  y  se  calcularon  los  coeficientes  de 
regresión.  Se  consideró  que  el  modelo  matemático  que  presentó  un  coeficiente  de 
regresión más elevado era  el  que representaba  de forma más exacta la relación entre 
5 Accutrend Plus, Roche Farma®, Madrid, España
6 Statistica for windows V.9.0, Statsoft Inc®, USA
7 Winlact V.2.0., Germany
8 Statistica for windows V.9.0, Statsoft Inc®, USA
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ambas variables. 
En el estudio II, se llevó a cabo un ANOVA de efectos principales, considerando 
dos factores (grupo de rendimiento y tiempo de obtención de muestras) para comparar, 
tanto  entre  los  dos  grupos  de  rendimiento  (GP  vs.  LP)  como  entre  los  tiempos  de 
obtención de datos (reposo R, calentamiento WU1 y WU2, cargas de esfuerzo, E1 a E6, 
de  5  a  10  m/s  y  enfriamiento  WD1  y  WD2).  Cuando  se  observaron  diferencias 
significativas asociadas al tiempo de ejercicio, se realizó un análisis post-hoc (Test de 
Scheffé). 
En el estudio III, se realizó un ANOVA para evaluar las diferencias significativas 
entre los diversos índices de funcionalidad cardiovascular y metabólica (V150, V200, VLA2, 
VLA4,  HRLA2,  HRLA4 y  UA post-ejercicio).  Finalmente,  en  este  estudio  se  efectuó  un 
análisis  de  correlación  entre  los  parámetros  ergoespirométricos,  determinados  en  el 
estudio  II,  el  tiempo  de  ejercicio  hasta  la  fatiga  (ETF)  y  los  índices  anteriormente 
indicados. 
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8. STUDY I.
Design of Treadmill and Field 
Standardized Exercise Tests for the 
Endurance Horse
(Diseño de tests de ejercicio estandarizados, en cinta rodante y en campo 
para caballos de resistencia)
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8.1. INTRODUCTION
Endurance  racing  is  one  of  the  most  challenging  competitions  of  equestrian 
events. Lately this discipline has become even more demanding due to the increase in 
speed, leading to greater cardiovascular, metabolic and muscle-skeletal efforts (Schott et  
al., 2006; Muñoz et al., 2010; Trigo et al., 2010; Fraipont et al.  2012). For these reasons 
the horse must be prepared by the trainer to perform, and to fulfill its full performance. 
Furthermore, the equine athlete must be kept healthy and presented at the competition 
with no muscle, skeletal  or any other disease that could reduce or limit performance. 
Moreover, the horse will ideally not be under-trained or over-trained (Evans, 2004). 
When training horses most trainers rely on empirical knowledge to determine the 
best way to condition their horses for a specific event. The assessment of the fitness of 
the horse is often based on the trainer and/or rider experience, either by observation of 
other trainers, or by trial and error, rather than with an objective evaluation (Evans, 2004; 
Fraipont et al.  2012). Taking into consideration the importance of an adequate training to 
achieve  the  best  performance  in  endurance  horses,  this  lack  of  fitness  test  protocol 
appears to be unexpected (Fraipont et al.  2012). However this may be explained because 
most of the fitness protocols are designed for Standardbred and Thoroughbred horses, but 
not for endurance horses (Eaton et al., 1995; Couroucé et al. 1999; 2000; Evans, 2004).
As in humans, the cardiovascular, metabolic and locomotor demands imposed by 
exercise in horses are different depending on the competition. For example, in endurance 
athletes, conditioning will be more important than schooling, just the opposite to what 
happen in  dressage or  jumping horses,  because endurance success  depends in greater 
degree on physical capacity (Evans, 2004). Because our research focuses on endurance 
horses, more attention will be presented to these athletes. 
There are different types of conditioning training that are complementary between 
each  other:  cardiovascular  conditioning,  strength  training  and  suppling  exercises. 
Cardiovascular  conditioning  is  the  kind  of  training  that  is  designed  to  improve  the 
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respiratory, cardiovascular and muscular systems in order to produce energy by the most 
appropriate metabolic pathways. Strength training is directed toward increasing the power 
or endurance of the muscles. Suppling exercises or flexibility exercises increase the range 
of motion of the joints, which makes the horse more athletic, improves the esthetics of the 
performance, and more importantly, reduces the risk of injury (Clayton, 1991).
The success of a conditioning program depends on the body’s  response to the 
stress  forced  by  the  exercise  on  the  training  program  (Evans,  2004).  Each  workout 
produces some temporary damage (short term response) to the tissues, which is repaired 
during the recovery periods. Through repeated cycles of damage and repair, the tissues 
adapt to the workload in a more permanently manner (long term response). In the same 
way, when exercise is reduced or stopped, the induced changes are reversing (Clayton, 
1991; Firth, 2006). Furthermore, there are overtraining/overloading implications. When 
the rate of tissue breakdown exceeds the rate of repair, there is a predisposition to the 
horse to become injured. Moreover, intense exercise has an adverse effect on the horse’s 
immune system (Raidal et al. , 2000; Malinoswki et al., 2010).
The  rate  of  adaptation  to  exercise  in  different  tissues  in  the  body varies.  For 
example, in the horse, the cardiovascular and muscular systems respond rapidly in only 
few weeks. Supporting structures like bones, ligaments and joints require over a period of 
many months (Clayton,  1991; Tyler  et  al.,  1998; Tyler-McGowan  et al.,  1999; Firth, 
2006; Smith and Goodship, 2008). 
The success of a conditioning program, as mentioned before, relies on the body’s 
adaptive response to the stress of exercise. Too little stress or the same stress every day 
will not get the horse to its best level of fitness. To avoid overloading, the rate of progress 
of the conditioning program must allow for the fact that the supporting structures in the 
limbs adapt more slowly than the cardiovascular and muscular systems (Clayton, 1991; 
Hamlin  et al.,  2002).  Overloading or “over-reaching” occurs  when a horse has had a 
sudden increase in training speed or distance, more that he is able to tolerate, but it is 
considered a temporary condition. If this condition persists, a more serious problem can 
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occur, called overtraining, which implies a more persistent problem (Hamlin et al., 2002; 
McGowan et al., 2002; Te Pas et al., 2013). The risk of overloading and overtraining can 
be  reduced  with  scientifically  designed  training  programs  and  with  a  control  of  the 
intensity and progression of the training sessions, by means of exercise tests. 
Fitness can be described as the physical capacity to perform in a sport event. A 
horse’s  fitness  will  depend  on  its  physiological  attributes  (genetics)  and  the  training 
exposed to these attributes, both influenced by environmental and management factors 
(diet, administration of ergogenic compounds, strategy of competition...). The two main 
factors (genetic and training) may be evaluated by fitness/exercise test for horses. These 
tests help to predict the performance in horses that have not not previously taken part in 
competitions (physiological attributes) and the progression of the training. Although no 
measure  or  combination  of  measurements  will  ever  be  perfectly  correlated  with  the 
ability  to  perform,  results  of  appropriate  fitness  tests  can  guide  decisions  by  horse 
owners,  riders  and  trainers  concerning  the  training  and  use  of  endurance  horses  for 
competitions  (Evans,  2004;  Fraipont  et  al.,  2012).  For  these  reasons  a  revision  of 
exercise/fitness tests will be presented in this study. 
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8.2. OBJECTIVES AND HYPOTHESIS
The present study makes a description of the standardized exercise tests, both in 
field conditions and in treadmill, used in endurance horses in the Equine Sport Medicine 
Centre (CEMEDE) of the School of  Veterinary Medicine,  Córdoba.  These tests  were 
used to assess physical fitness, and to design and/or to modify training programmes in 
this type of equine athlete. 
The main objectives of the current study are the following: 
First  objective. To  describe  the  exercise  tests  (on  field  and  treadmill)  used 
conventionally in the CEMEDE for endurance horses, in relation to their physical fitness 
and to compare critically with those tests  reported in the literature for other types  of 
horses, such as racing Thoroughbreds and Standardbred trotters.  
Second objective. To discuss the design protocol, such as characteristics of the 
warming-up and the warming-down periods, duration, speed and number of workloads, 
time of recovery between workloads, and slope of the treadmill. 
Third objective. To describe the advantages and drawbacks of field and treadmill 
exercise tests in endurance horses.
Fourth  objective. To  evaluate  whether  the  exercise  test  design  used  in  the 
CEMEDE allow us  to  obtain  functional  indices  with  a  direct  application  to  training 
improvement and fitness evaluation. 
We hypothesized that  the field and treadmill  exercise tests  that  we have been 
using in the CEMEDE are useful for endurance horses, they are easy to perform, the 
horse and the rider feel comfortable with the procedures and they permit us to obtain 
functional indices (mainly cardiovascular and metabolic indices) that would be used to 
design individual protocols of training. 
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8.3. LITERATURE REVIEW
8.3.1. DEFINITION OF STANDARDIZED EXERCISE TEST
A standardized exercise test can be described as the mean of evaluating physical 
work capacity. Furthermore, it is a method of assessing fitness and/or the level of training 
of any individual (Thornton, 1985). Fitness, as indicated before, can be described as the 
physical  capacity to perform in a sport  event or competition. The horse’s fitness will 
therefore  be  dependent  on  its  inherited  physiological  attributes  and  on  the  degree  to 
which  the  structure  and  function  of  the  animals  have  been  changed  by  training, 
management, nutrition … and any other factor involved with the horse. 
Exercise  testing  in  horses  consists  on  assessing  a  range  of  physiological 
measurements that report the animal’s level of fitness. These tests can be performed on 
the field or on a treadmill (Couroucé, 1999; Evans, 2007; Muñoz et al., 2013). Although 
the design and the purposes of the exercise tests are different for horses competing in 
different equestrian events, all of them should provide an objective mean of performance 
evaluation (Thornton, 1985). Furthermore, “The best way to monitor changes in fitness is  
through the use of a standard exercise test performed at intervals during the conditioning  
program”, as mentioned by Clayton (1991). 
The ideal test for an athlete, in this case, an equine athlete, would be a test where 
the animal can perform the specific activity for which it has been trained. For example, 
for a racehorse, this will be the time over its specific distance either in a trial or a race. 
However, these specific tests are non-standardized and for this reason they are no useful 
for  physiological  comparisons  (Thornton,  1985;  Evans,  2007).  Further,  it  has  been 
demonstrated that physiological measurements after maximal exercise (i.e., blood lactate 
LA concentrations) are not  correlated with race performance in trotters  (Evans  et al., 
2002) or Thorougbred horses (Evans et al., 1993) and therefore, many authors defended 
that these types of measurements are not useful markers of fitness. In addition, there are 
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increased risks of injuries associated with intense exercises (Vigre et al., 2002; Wilsher et  
al., 2006) and the influence of environmental and track conditions can not be eliminated. 
In order to fulfill the objectives of the tests, that will be specified later, they must 
be properly standardized. A standardized exercise test will permit us to withdraw specific 
and measurable information (data or parameters) that can be accurately compared with 
those  data  derived  from  the  same  individual  at  different  stages  of  training  or  even 
compared between individuals (Thornton, 1985; Couroucé,  1999). Secondly,  it  is also 
important  that  the  test  will  be  designed  to  assess  the  specific  systems  involved  in 
exercise, i.e. respiratory, cardiovascular and hematological, and muscular and metabolic 
systems (Thornton, 1985). 
8.3.2. OBJECTIVES OF A STANDARDIZED EXERCISE TEST
Performance capacity and fitness are complex concepts from a physiological point 
of  view.  As  mentioned  before,  they  are  dependent  both  on  endogenous  factors,  i.e. 
conformation,  age,  sex,  breed  and genetic  background and on exogenous  factors,  i.e. 
nutrition,  training,  administration  of  ergogenic  aids,  within  others  (Persson,  1983; 
Hölmström and Philipsson, 1993; Snow, 1994; Back et al., 1996; Lacombe et al., 2003; 
Harris and Harris, 2005; Viklund et al., 2008; Barrey, 2010; Schröder  et al., 2011). All 
these factors, as well as their interactions, influence the rate and efficiency of metabolism 
and the conversion of chemical energy into mechanical  energy inside the muscles for 
efficient movement. Fortunately, many of the metabolic and functional factors involved 
in the energy turnover during exercise are measurable and thus, may provide information 
on work capacity and stamina (Persson, 1983; Couroucé, 1999; Evans, 2007; Muñoz et  
al., 2013). Evaluation of these traits in sport horses is of pivotal interest to owners and 
trainers. As a consequence, many attempts at developing practical, valid and repetitive 
tests  of performance  capacity  have been made (Persson, 1983; Foreman  et  al.,  1990; 
Seeherman and Morris, 1990; Bourgela et al., 1991; Cikrytova et al., 1991; Muñoz et al., 
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1997; Couroucé, 1999; Couroucé et al., 2000; Davie and Evans, 2000; Cottin et al., 2010; 
Fraipoint et al., 2012). 
There are many reasons for considering exercise testing in an athletic horse. The 
establishment of these objectives before designing the test is important, since they will be 
the main determinant of the design. In main lines, the purposes of a standardized exercise 
test are to characterize and measure the functionality of the specific systems involved in 
the  exercise  and  sport  the  horse  will  compete.  This  usually  means  the  respiratory, 
cardiovascular, hematological and skeletal muscles systems (Thornton, 1985; Muñoz et  
al., 1997; 1998a). 
More specifically, the main reasons to carry out a standardized exercise test are 
the following (Thornton, 1985; Couroucé, 1999; Evans, 2007; Art and Van Erck, 2008; 
Muñoz et al., 2013): 
1. To measure the ability of an untrained horse to perform physical  activities 
and further, for which kind of competition the horse has more potential. 
2. To investigate the performance potential of a horse prior to embarking on an 
expensive and medium- long-duration training program. 
3. To compare the effectiveness of different training programs, to measure the 
adaptations of the animal to a specific training program and to modify the 
program according to the progresses achieved. This goal could be adequately 
reached  if  only  regular  tests  are  performed  in  the  same  horse  and  initial 
acquired  data  served  as  reference  to  assess  progress  during  the  training 
period. 
4. To investigate the reasons for failure to perform at the expected level or to 
evaluate the reasons of a sudden loss of performance or exercise intolerance. 
Exercise tests are useful to indicate that the O2 chain is somewhere disrupted 
or to demonstrate occurrence of pain or lameness. They may help to identify 
and/or to priorize causes of poor performance. 
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5. To form part of an overall clinical examination of a horse or in a pre-purchase 
situation of a sport horse. 
The exercise tests are not only used as a tool for practical equine sport medicine. 
They also have substantial applications in equine research. In the next lines, we try to 
compile the most relevant applications, with some examples. Evidently, there are many 
more applications not cited in the following paragraphs. They represent a small sample of 
the extended applications of standardized exercise tests in sport horses. 
1. Development of new feeding strategies which leads to increased performance 
and to a quicker  recovery after  exercise (Geor  et  al.,  2006; Nostell  et al., 
2012), administration of corn oil (McCue et al., 2009), fish oil (O’Connor et  
al., 2007), alpha-lipoic acid (Kinnunen et al., 2009), linoneic acid (Headley et  
al., 2012), fructose and glucose (Vervuert et al., 2004), ribose (Kavazis et al., 
2004),  supplementations  with  different  substances,  such  as  superoxide 
dismutase (Notin et al., 2010), nutraceutical compounds (Smarsh et al., 2010, 
Higel et al., 2014)…
2. Evaluation of the influence of different drugs on exercise performance, such 
as  omeprazol  (McKeever  et  al.,  2006a),  erythropoietin  (McKeever  et  al., 
2006b),  caffeine (Ferraz  et  al.,  2008),  sucralfate  (Caltabilota  et  al.,  2010), 
acetazolamide (Vengust  et  al.,  2010),  fluxinin meglumine (Kallings  et  al., 
2010), tryptophan (Vervuert et al., 2005) among others. 
3. Increase  our  knowledge  in  locomotor  characteristics,  such  as  studies  on 
muscle activity by means of electromyography (Zsoldos et al., 2010), analysis 
of different methods to study muscles (Wijnberg et al., 2008), evaluation of 
different shoes (Rumpler et al., 2010; Yoshihara et al., 2010), assessment of 
lameness, development of new diagnostic and treatment procedures (Imboden 
et al., 2009; Zaneb et al., 2009; Bertone et al., 2014; Ferris et al., 2014)… 
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4. Assessment of new technologies,  such as devices to measure VO2 in field 
conditions (Cottin  et al.,  2010),  global  positioning system (Vermeulen and 
Evans,  2006),  field  exercise  endoscope  (Franklin  et  al.,  2008;  Van  Erck, 
2011),  help in the validation of a portable metabolic  measurement  system 
(Art et al., 2006)…
5. Analysis of the reproductive function in mares (Kelley  et al., 2011) and in 
stallions  after  exercise  and  training  (Staempfli  et  al.,  2005;  Janett  et  al., 
2006). 
8.3.3. DESIGN OF A STANDARDIZED EXERCISE TEST
8.3.3.1. TREADMILL VS. FIELD EXERCISE TEST
The standardized exercise tests in equine athletes can be conducted in the field or 
in a treadmill. There are advantages and disadvantages for conducting the exercise tests 
in both of these locations (Couroucé,  1999; Sloet  van Oldruitenborgh-Oosterbaan and 
Clayton, 1999). 
Field exercise tests have the advantages of being conducted in the environment 
that will be used in competition. Therefore, the surface, gaits and changes in speed used 
in  a  field  test  are  more  closely  aligned  to  the  demands  that  horses  will  face  during 
exercise or competition in a real setting. Field exercise tests also account for the effects of 
the rider.  These advantages  can be also disadvantages,  because they contribute to the 
difficulty in the standardization (Evans, 2004; Stefánsdottir et al., 2014). 
Several researchers have evaluated the reproducibility of the exercise tests when 
they are carried out in different days  and in tracks with different  properties. An early 
study  evaluated  the  reproducibility  of  a  performance  metabolic  index,  VLA4 (velocity 
producing a blood LA concentration of 4 mmol/l) in 7  Standardbred horses on a track 
(Bourgela  et al., 1991). The horses were subjected to an exercise test on a track twice, 
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separated by two days. In this study, however, the environmental conditions and the track 
characteristics were similar in the test and the re-test. Bourgela  et al. (1991) found that 
the individual values of VLA4 did not display an acceptable reproducibility, whereas the 
mean values of VLA4 were very similar. According to these authors, the reproducibility of 
the test to calculate a performance index on track was not acceptable (Bourgela  et al., 
1991). 
In the same year, Galloux (1991) showed a low reproducibility of V200 (velocity at 
which a HR of 200 beats/min is achieved) and VLA4 in 5 sport horses, measured in field 
conditions. These results contrast with those presented later by Debreucq  et al. (1995), 
who studied the reproducibility of a field exercise test in two conditions in 2 groups of 
Standardbred horses. The first condition was a test and a re-test performed with a 1 week 
interval on the usual training track of the horses. The second condition was a test and a 
re-test on 2 different tracks with a 9 day interval, in order to evaluate the influence of 
changing the place of the test. They demonstrated that  the tests  were reliable in field 
conditions. The test was composed of 3 steps, at increasing velocity, with durations of 3 
min for each step and with a 1 min of rest between consecutive steps. They checked the 
reproducibility of two main functional indices, V200 and VLA4. VLA4 presented coefficient 
correlations between the different tests higher than 0.80. The authors concluded that, with 
a strict standardization of the exercise protocol, the good reproducibility of V200 and VLA4 
reflex the usefulness of these parameters for trainers to evaluate fitness of their trotters 
(Debreucq et al., 1995). 
More recently, Couroucé et al. (1999) subjected to French Standardbred Trotters 
to an exercise test in two types of tracks, the first one was an oval sand track, 720 m long 
and the second was a sand track 1250 m long. The results of their study indicated that 
there  were  no  differences  in  the  physiological  and  locomotor  responses  to  exercise 
between the two tracks evaluated. Therefore, the exercise test was repeatable even the 
track surface and geometry varied. However, several studies have showed that the track 
design and banking the curves, as well as the material of the track, can influence the gait 
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of  the  horse  and  therefore,  the  metabolism  during  exercise  (Fredricson  et  al.,  1975; 
Barrey et al., 1991; Setterbo et al., 2009; Crevier-Denoix et al., 2010). 
Other  limitations  of  the  use  of  the  field  exercise  tests  are  that  the  range  of 
measurements is more limited and there is not a continuous access to the horse. However, 
the first of these limitations can be overtaken with access to sophisticated equipment. 
Currently, there are portable equipment to measure respiratory volumes and to perform 
ergoespirometric measurements (Curtis  et al., 2005; Art  et al., 2006), endoscope during 
exercise in the field (Franklin  et al., 2008; Desmaizieres  et al., 2009; Van Erck, 2011; 
Priest  et al.  , 2012), and recently, even a procedure for long-term facial artery catheter 
implantation has been developed to sample arterial blood and to measure arterial blood 
pressure during exercise (Dias et al., 2012). 
On the treadmill, a greater range of measurements is possible during exercise, and 
the  equipment  is  less  limited,  the  physical  environment  can  be  controlled  and  the 
performance of the exercise tests with a precise and strict design is possible. The speeds 
and durations  of  the exercise test  are highly repeatable.  There  is  also easy access  to 
horses at suitable times during and after exercise for cardiorespiratory measurements and 
blood collections. However, the treadmill does not accurately reflex the conditions the 
animal will find in a competitive setting (Couroucé, 1999; Evans, 2004). Furthermore, 
horses have to travel to specialized facilities and because of the need to travel, there is 
often  reluctance  amongst  owners  and  trainers  to  subject  horses  to  treadmill  exercise 
testing (Franklin et al. 2012).
Many studies have evaluated the differences in the cardiovascular, metabolic and 
locomotor differences between track and treadmill in horses (Valette et al., 1992, Barrey 
et al., 1993a,b; Galloux et al., 1993; Couroucé et al., 1999; 2000; Fraipont et al., 2012). 
The results  of  these studies  indicated that,  most  of  the variables  measured  during an 
exercise  test,  including  locomotor  parameters,  significantly  differ  when  testing  is 
performed under track or treadmill conditions. It was established that the cardiovascular 
and metabolic responses to exercise on the track are more marked than those measured on 
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the flat treadmill in Standardbred trotters (Persson, 1983; Couroucé et al., 1999; 2000), in 
saddle horses (Valette et al., 1992; Barrey et al., 1993a) and in Dutch Warmblood horses 
(Sloet  van  Oldruitenborgh-Oosterbaan  and  Barneveld,  1995).  It  has  been  shown  that 
different  factors,  such as the action of the rider, the biomechanics  of locomotion, the 
atmospheric conditions and also psychogenic factors may explain the differences between 
the values determined on the track and on the un-inclined or flat treadmill (Barrey et al., 
1993a; Couroucé et al., 1999; 2000). 
Therefore, to reproduce the same intensity of exercise on the treadmill compared 
to track testing conditions, it is necessary to increase either the speed or the slope of the 
treadmill  (Sexton  and  Erickson,  1990).  Sloet  Van  Oldruitenborgh-Oosterbaan  and 
Barneveld  (1995)  demonstrated  that  a  10%  increase  of  velocity  on  a  non-inclined 
treadmill led to the calculation of similar values than those measured on the track, while 
the horse ridden. However, they also showed that setting the treadmill at an incline of 1-
2%  while  velocities  were  similar  to  those  performed  on  the  track,  led  to  a  better 
correlation between treadmill and track results. Therefore, inclining the treadmill leads to 
a similar workload as on the track but with lower velocities, and thus less risk for injuries 
(Sloet Van Oldruitenborgh-Oosterbaan and Barneveld, 1995; Sloet Van Oldruitenborgh-
Oosterbaan and Clayton, 1995; Couroucé et al., 1999; 2000). 
Valette  et al. (1992), Barrey et al. (1993a,b) and Couroucé et al. (2000) tried to 
define the proper slope of the treadmill to induce the same exercise intensity than an 
exercise  in track.  In  order  to  achieve  this  objective,  they compared  the physiological 
response to a track test with a test performed in treadmill set at different inclines. Valette 
et al. (1992) compared the HR and the blood LA responses to exercise in saddle horses 
performing exercise tests on the track and on a treadmill set at 0, 3.5 and 6.3%. They 
showed that  inclining the treadmill  to  a  3.5% slope minimized the differences  in  the 
physiological  responses  between  overground  and  treadmill  conditions.  These  results 
agreed with those presented by Barrey et al. (1993a), who compared the HR response of 
saddle horses on the track and treadmill set at 0, 2, 3, 4 and 6.3%. It was found that the 
optimal incline to reproduce the same heart  rate response in saddle horses was 3.5%. 
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However,  in this study,  blood LA concentrations were not  measured.  Couroucé  et al. 
(2000), taken into account these previous researchers, set the treadmill at 0, 2 and 4% in 
French trotters and they found that exercising on the treadmill set at 4% incline led to an 
unacceptably high workload. In fact, with this incline, two of the 9 horses were unable to 
complete the test as they could no longer keep pace with the speed of the treadmill. By 
using a regression equation,  they found that the treadmill  incline of 2.4% showed the 
similar values for the HR and blood LA responses on the treadmill as on the track for 
French trotters (Couroucé et al., 2000). 
The main limitation of the use of an inclined treadmill is that different muscle 
groups are used during uphill exercise than on the flat and even the pattern of recruitment 
of muscle fiber type differs (Robert et al., 2000; Eto et al., 2010). However, it should be 
noted  that,  for  some  horses,  the  inclusion  of  some  slope  during  exercise  may  be 
appropriate. This is especially true for horses used in competitions that include jumping 
or uphill exercises (i.e. steeplechasing, eventing, endurance…) (Evans, 2004). 
Because the majority of the horses have not been required to run on a treadmill, 
the most important  initial step is to familiarize the horse to this exercise.  It  has been 
shown that the responses to this acclimation are unpredictable in individual horses (King 
et al., 1995; Couroucé et al., 2000). King et al. (1995) reported that acclimation occurred 
in the majority of horses after 1 or 2 exposures to treadmill exercise. However, there was 
substantial variability between horses and at least three runs of the treadmill are needed to 
achieve  a minimum of acclimation (King  et  al.,  1995).  Moreover,  it  also seems that 
apprehension or excitement in the anticipation of exercise increase HR values at rest and 
during exercise (King et al., 1995). As a consequence, the more limited the exposure to 
the treadmill, the larger is the psychogenic component of the HR response to exercise 
(Persson, 1983; King et al., 1995; Couroucé et al., 2000). 
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8.3.3.2. TYPES AND CHARACTERISTICS OF A STANDARDIZED EXERCISE 
TEST
The  standardized  exercise  tests  can  be  defined  according  to  their  intensity 
(submaximal,  maximal  or  supramaximal),  can  be  continuous  or  intermittent,  can  be 
performed  by  time or  by  distance  or  can  be  done  at  constant  speed  or  with  several 
workloads with increasing intensity (Thornton, 1985; Evans, 2007). Either type of test 
may be performed on a track or on a treadmill (Thornton, 1985). Differences between 
field and treadmill exercise tests have been already presented (epigraph 8.3.3.1). 
Many different testing procedures has been described for horses participating in 
different disciplines, such as endurance, 3-day eventing, show jumping or racing (Sloet 
van Oldruitenborgh-Oosterbaan  et al., 1987; Castejón  et al., 1994; Muñoz  et al., 1997; 
1998a,b; 1999; Couroucé, 1999; Couroucé et al., 2002; Fraipont et al., 2012). Whatever 
the  discipline,  exercise  test  protocols  must  be  perfectly  defined  in  order  to  limit 
variability and to calculate meaningful fitness measurements (Couroucé, 1999). This is 
because results  may vary according to the methodology used or  with factors  such as 
resting  time  between  steps,  increments  from  one  step  to  the  other  and  number  and 
duration of the steps (Heck et al., 1985). 
In main lines, there are several important principles to follow in order to design a 
standardized  exercise  tests  that  provides  meaningful  results.  Firstly,  the  test  protocol 
should  be  simple  and  standardized  to  guarantee  and  improve  the  reproducibility. 
Secondly, multiple steps of increased intensity or workloads (increased HR or increased 
velocity) are required, both in field and in treadmill conditions. There are several features 
of the exercise tests that should be carefully designed: warm-up routine prior to testing, 
number  of  exercise  workloads,  distances  to  cover  during  the  exercise  (or  time  of 
exercise),  initial  and  maximum  speed  during  the  test,  rest  period  between  exercise 
workloads  and duration,  times  to  take  physiological  measurements  and,  post-exercise 
activity or recovery period. In treadmill conditions, other factor to take into account is the 
slope or inclination. 
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Warming-up routine prior to exercise
There are several  variables  by which warming-up protocols can be structured, 
including its  intensity,  duration  and  mode and  these  combinations  may influence  the 
performance  of  the  subsequent  main exercise  (Bishop,  2003).  The importance  of  the 
warming-up period derives from the necessity of preparing the different systems involved 
in exercise (i.e.  respiratory,  cardiovascular  and skeletal  systems) for the exercise test. 
Further,  it  has  been  demonstrated  that  the  duration  and  intensity  of  the  warming-up 
period exerts significant  influences on energy partitioning during exercise. The horses 
that received a warming-up had a much faster rate of increase in VO2 at the beginning of 
the exercise and a greater proportion of the energy used during exercise was provided by 
the aerobic metabolism (Tyler et al., 1996; McCutcheon et al., 1999; Mukai et al., 2010). 
On the contrary,  horses which had not received a warming-up relied more heavily on 
anaerobic energy sources during an exercise test (Tyler et al., 1996; Mukai et al., 2010). 
The duration of the different  warming-up protocols  used by several  authors is 
very different, and most of them are carried out at walk or a trot. In treadmill exercise 
tests, the duration ranges from 1 min at trot (Betros et al., 2002), 3 min at walk (Sloet van 
Oldruitenborgh-Oosterbaan  et al., 1995), 4 min at trot (Eaton et al., 1995; Evans et al., 
1995; Rose et al., 1995) to 10 min, 5 min at walk and 5 min at trot (Galloux et al., 1995; 
Trilk et al., 2002; Nostell et al., 2006; Castejón-Riber et al. , 2012). Other authors have 
used a warming-up period of 10 min at trot (Couroucé et al., 2002). In field conditions, 
the duration of the warming-up period appears to be longer, with values of 10-15 min 
(Muñoz et al., 1998; Leleu and Cotrel, 2006; Nostell et al., 2006), or covering distances 
of 2500-3000 m at slow velocity (Davie et al., 2002). 
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Number of workloads during the standardized exercise test
The number of exercise bouts during a standardized exercise test differs between 
the  different  authors  consulted,  although  a  minimum  of  three  workloads  are 
recommended.  A very commonly used treadmill exercise test  in  Thoroughbred horses 
consist in 2 min at 6 m/s, then 1 min steps at 8, 10, 11 and 12 m/s or until the horse could 
not longer maintain pace with the treadmill (Evans  et al., 1995; Hanzawa  et al., 1995; 
Rose et al., 1995; Betros et al., 2002). In saddle horses, 5 steps of increasing speed test 
has been used to assess performance and training adaptation, with a duration of 3 min 
each: walking at 1.6 m/s, trotting at 4.2 m/s and cantering at 7.5, 8.3, 9.2 and 10 m/s 
(Galloux  et  al.,  1995).  In  Standardbred horses,  a  common treadmill  test  consists  in 4 
exercise bouts, 2 min each at speeds of 4, 5, 6, 7 and, 8 m/s, with 6.3% incline (Hyyppä 
et al., 1995). In Andalusian and Anglo-Arabian horses, field exercise tests formed by 5 
steps,  from  4  to  8  m/s,  with  durations  of  5  min  each,  have  been  used  to  assess 
improvement linked to fitness (Castejón et al., 1994; Muñoz et al., 1997; 1998b; 1999; 
2002). In Arabian endurance-trained horses, a treadmill exercise test with six steps has 
been done, with velocities at trot (13 and 15.5 km/h), canter and gallop (18.7, 25.2, 33.5, 
36 and 45 km/h), with 3 min of duration of each workload (Cottin et al., 2010). 
As we can see from the previous paragraph, there are many types of exercise test, 
with workload numbers ranging between 2 and 5-6 or even more. The number of exercise 
workloads depends of the goal of the test. It has been confirmed that the accumulation of 
LA in blood follows an exponential model with a high coefficient of regression when a 
total of 4 to 8 data were on hand, including resting LA concentration. A lesser number of 
data could lead to an erroneous curve. Although a higher number of workloads would 
slightly  improve  the  prediction  of  performance  indices,  is  considered  impractical 
(Kronfeld et al., 1995; Muñoz et al., 1998a,b; 2005). Further, Persson (1967) described a 
treadmill exercise test where the horses performed an incremental test of 4 steps of 5 min 
each one, with a resting period of 2 min between steps. In the last step, the horses reached 
150 beats/min, but if they were not able to reach this HR, one or more step were added 
(Persson, 1967).
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Duration of each workload
Another  factor  to  standardize  is  the  duration  of  each  exercise  workload.  The 
duration  of  each  step  of  the  test  should  be  sufficient  to  provide  a  steady-state 
physiological response, mainly in relation to HR and blood LA responses. A period of 3 
to  5  min seems to  be  necessary to  achieve  a  steady-state  blood LA concentration  in 
human beings (Jacobs, 1986). However, it appears that shorter steps may be possible in 
the horse (Evans and Rose, 1988; Couroucé, 1999). In horses, most of the authors use 
steps of 2-3 min, even though at high velocities, steps of 1 min can be used (Evans et al., 
1995; Rose  et  al.,  1995).  Probably this is  a  procedure  to reduce the  amount  of  time 
required to perform the test and it has been established that the response of HR is more 
stable at high velocities, after several exercise steps. This fact has been attributed to the 
limited influence of the sympathetic nervous system, as opposite as found at the onset of 
the exercise (Persson, 1983; Muñoz et al., 1998b; Physick-Sheard et al., 2000; Kinnunen 
et al., 2006). 
Rest period between workloads and duration
Some authors prefer to keep a rest period between steps during the exercise test, 
with range from 1 min to 5 min (Demonceau and Auvinet, 1992;  Bourgela et al., 1991; 
Galloux et al., 1995; Muñoz et al., 1997; 1998b; Couroucé, 1999;  Couroucé et al., 1999; 
2000; 2002). There are three main reasons to justify this rest period: 
1)  A period  of  time is  needed  for  the  efflux  of  LA from the  muscles  to  the 
bloodstream (Harris  and  Snow,  1992;  Muñoz  et  al.,  1996;  Schott  et  al.,  2002).  This 
period of time depends on the intensity of the exercise, amount of lactate produced and 
expression of LA transporters (Mykkänen et al., 2010; Koho et al., 2012).
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2) Rest periods between steps are often needed in unfit and untrained horses in 
order to assure they will be able to complete at least 3-4 steps of exercise (Castejón et al., 
1994; Muñoz et al., 1997; 1998a; 1999).
3) This period of time can be used to withdraw blood samples, mainly in field 
exercise  tests,  where  blood  sampling  is  more  difficult  and  will  depend  on  the 
characteristics of the track. 
However,  many other  authors  have described  continuous tests,  without resting 
periods  between  steps.  These  types  of  tests  are  mainly  used  for  ergoespirometric 
measurements (Geor et al., 2000; McDonough et al., 2002; Mukai et al., 2010; Castejón-
Riber et al., 2012). 
Warming-down period
The exercise tests should be followed by a warming-down period, although the 
optimal characteristics of this last part of the test have not been completely defined. The 
optimal  recovery  intensity  after  submaximal  work  in  Standardbred trotters  has  been 
analyzed (Dahl et al., 2006). These authors studied 37 trotters after a field exercise test, 
divided into four groups of recovery, passive recovery, 10 min walk (speed 100 m/min), 
10 min slow trot recovery (speed 250 m/min) and 10 min fast trot recovery (speed 420 
m/min). Walk, slow trot and fast trot recovery corresponded respectively to 45-50, 55-60 
and 65-70% of maximal heart rate (HRmax). In this article, it was found that HR and blood 
LA accumulation were significantly lower with increasing intensity of recovery (Dahl et  
al., 2006). 
Most of the consulted authors in the literature used the same warming-up before 
exercise and warming-down after it, but of inverse characteristics, i.e. first trot and after 
walk (Galloux, 1991; Eaton et al., 1995; Galloux et al., 1995; Rose et al., 1995; Davie et  
al., 2000; Betros et al., 2002; Gramkow and Evans, 2006; Nostell et al., 2006; Castejón-
Riber et al., 2012). 
82
Field and treadmill exercise tests in endurance horses
8.3.3.3. TREADMILL AND FIELD EXERCISE TESTS FOR THE ENDURANCE 
HORSE
Several authors have reported different standardized exercise tests for endurance 
horses, carried out both in treadmill and in field conditions. In this section, we will make 
a  brief  description  of  these  tests.  The  scientific  information  available  for  endurance 
horses  is  very  reduced  as  compared  with  the  number  of  articles  that  assesses  the 
physiological adaptations to endurance racing. This fact contrasts with Thoroughbred and 
Standardbred trotter horses. In these types of horses, there is a plethora of information 
concerning exercise  tests  to  evaluate  fitness  or  to  detect  lack or  loss  of  performance 
(Seeherman, 1991; Parente, 1996; Gottlieb-Vedi and Lindholm, 1997; Couroucé  et al., 
1999;  2002;  Schuback  et  al.,  1999;  Leleu  et  al.,  2004;  Vermeulen  and Evans,  2006; 
Evans, 2007; Richard et al., 2010). 
Sloet Van Oldruitenborgh-Oosterbaan et al. (1987) evaluated 6 endurance horses 
on a sand track, 864 m long, carrying out a field exercise test consisting in 5 steps of 
1100  m  each,  increasing  the  HR  from 140  beats/min to  HRmax.  Cottin  et  al. (2010) 
assessed  5  Arabian  horses  trained  for  endurance  in  order  to  measure  VO2 and  gait 
variables  in  field  conditions.  They  also  measured  the  respiratory  gas  exchange  ratio 
(RER) and the running economy (RE). The protocol consisted of 6 steps at increasing 
speeds of  3  min each,  trot  13-15.5 km/h,  canter  and gallop  18.7-25.2 km/h and then 
galloping at increasing speed up to 45 km/h. More recently, Fraipont et al. (2011; 2012) 
reported field and treadmill exercise tests in endurance horses in order to describe the 
main causes of failure to perform, to examine the ability of a field test to discriminate 
between horses of different levels of competition and to compare the results with those 
obtained with treadmill test. The field exercise test consisted of a warming-up of 10 min 
at walk and 10 min at trot, followed by three steps. The first step was a canter over 27 km 
at 6 m/s (22 km/h), the second and the third steps were over 1500 m at 7.5 and 8.8 m/s 
(27 and 32 km/h, respectively). A recovery period at a slow trot over 700 m was allowed 
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between each step and the test ended with a recovery phase of 10 min at walk. The first 
step  in  the  field  test  was  designed  to  “mimic  mean  speeds”  on  a  flat  endurance 
competition and to be long enough to correspond to the mean of a regular phase (distance 
between vet checks and imposed rest). The second and the third steps were designed to 
obtain a value for VLA4 (which many well trained horses did not reach) and to achieve 
HRs as close as to 200 beats/min as possible. The authors observed that they should have 
added  a  step  of  a  higher  speed  in  order  to  obtain  VLA4 in  every  horse,  but  due  to 
owners’/riders’ objection it was not possible (Fraipont et al., 2011; 2012). 
For the treadmill exercise tests, all animals were acclimated to the treadmill 4 h 
before performing the test. The warming-up consisted of 5 min walk followed by 5 min at 
trot. Then the slope was set at 4 % and 3 steps of 3 min each were performed at 7.5, 8.2, 
and 9.0 m/s respectively. Between each step, it was a recovery time of 2 min at 3.5 m/s. 
Finally there was 10 min at a walk of recovery outside of the treadmill (Fraipont et al., 
2012). 
According to the data provided by Fraipont  et al. (2012), the endurance horses 
were able to complete perfectly the tests without any problem. The field exercise test 
was well-accepted by the riders and it helped to discriminate between endurance horses 
with different  levels  of  training.  Furthermore,  the field  exercise  tests  provided useful 
physiological measurements, such as VLA2, V160 (velocity at a heart rate of 160 beats/min) 
and in some horses, V200, although no all the horses achieved 200 beats/min (Fraipont et  
al. 2012). 
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8.4. MATERIAL AND METHODS
8.4.1. HORSES
Forty-six  endurance  horses  of  different  sexes  (22  females,  20  geldings  and  4 
stallions) and breeds (25 Arabians, 15 Angloarabians and 6 cross-bred Arabians), with 
different training levels were submitted to the Equine Sport Medicine Centre (CEMEDE) 
to be subjected to exercise tests in order to assess physical fitness. The horses that were 
submitted to diagnose loss or lack of performance and with (sub)clinical diseases were 
discharged from our research. 
The horses  were divided into  two groups:  those horses  that  performed a field 
exercise test (group FET) and those that performed a treadmill exercise test (group TET) 
The group FET (n=17) was composed by 5 females, 10 geldings and 2 stallions, aged 
7.235±0.98 years. All the mares were Arabians and had a mean age of 6.25±0.78 years 
(range between 6 and 8 years). Of the males, 8 were Arabians and 4 Angloarabians. The 
mean age of the males was 8.727±1.90 years (range between 7 and 12 years). The group 
TET (n=29) was formed by 17 females, 10 geldings and 2 stallions, with a mean age of 
7.568±2.34 years. Of the mares, 8 were Angloarabians, 8 were Arabians and 1 was cross-
bred Arabian. Of the males, 3 were Angloarabians, 4 were Arabians and 5 were cross-
bred Arabians. The mean age of the mares was 7.673±2.17 years (range between 5.0 and 
11.3 years) and the mean age of the males was 8.027±2.72 years (range between 4.0-12.0 
years). 
The decision of performing a FET or a TET was taken by the owner or trainer, 
mostly because of economical constraints. The TETs were more expensive, both because 
of the procedure and because the horses had to stay in the CEMEDE for several days, 
until the horse got to used to the treadmill.  
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8.4.2. TREADMILL EXERCISE TESTS
The  treadmill  exercise  test  (TET)  was  performed  in  a  high  speed  velocity 
treadmill9. The warming-up period consisted of 5 min at walk (WU1, velocities: 1.4-1.6 
m/s) and 5 min at trot (WU2, velocities: 3.4-3.8 m/s), with the treadmill flat. After that, 
the treadmill was inclined 6% and the horses started running at 5 m/s for 3 min. Every 3 
min, the velocity was increased by 1 m/s, until the horse was unable to keep the speed in 
the treadmill  despite verbal  encouragement  or when blood LA concentrations reached 
values  higher  than  4 mmol/l  (exercise  E1 to  E6,  from 5 to  10 m/s).  The number  of 
workload  that  each  horse  was  able  to  complete  was  recorded.  After  each  workload, 
treadmill was stopped for a short period of time (less than 20 s), in order to withdraw 
blood samples. The warming-down period (WD) was of the same characteristics of the 
warming-up period, by inverse (5 min at trot, WD1, and 5 min at walk, WD2 with the 
treadmill flat). 
8.4.3. FIELD EXERCISE TESTS
The FETs were performed in a track located near to the CEMEDE. The warming-
up period consisted in covering 1000 m, in a sandy  track.  The horses performed this 
warming-up at the walk. Speed in this part of the FET was not recorded. After covering 
this distance, the horses arrived to the exercise test track. This track was more compact 
than the warming-up road. 
When arrived to the track, the FET began at a speed of 15 km/h, increasing the 
speed by 3 km/h in each workload. The duration of each workload was of 3 min (1.5 min 
forwards and 1.5 min backwards) and therefore, the distance covered was progressively 
longer in each workload, as the velocity increased. The workload speeds were of 18, 21, 
24 and 30 km/h. The FET finished when the horses reached blood LA concentrations 
higher  than 4 mmol/l  or when the horse seems to  be tired or unable to maintain  the 
9 Mustang 2000, Kagra®, Fahrwangen, Switzerland
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required velocity. As a consequence, the number of workloads that each horse was able to 
complete depended on fitness. Nevertheless and because of safety reasons, both for the 
horse and for the rider, the maximum speed was 30 km/h. A small period of time (less 
than 30 s) was left between workloads to withdraw blood samples in order to measure 
blood LA concentrations. 
The warming-down period was the same than the warming-up. The horses come 
back to the CEMEDE and the track from the exercise test track to the Centre was used to 
recover the animals (approximate distance: 1000 m). 
8.4.4. MONITORIZATION OF THE HORSES DURING THE TESTS
During the TETs and the FETs the horses carried a heart-rate meter10 in order to 
measure HR during exercise. After the tests, the recordings of HR were downloaded to 
the computer with a specific program11.. Further, venous blood samples were taken in the 
following times during the TETs: before the test, at rest, with the horse inside the box, 
within the first 20 s after finishing each workload (including warming-up) and at 10 min 
of recuperation. The blood samples were taken in these times during the FETs: at rest, 
before the test, in the box, and within the first 30 s after finishing each exercise level. 
Blood samples were nor taken after the warming-up neither after the warming-down in 
the FETs. Blood LA concentrations were measured with a lactacidometer12.
8.4.5.  CALCULATION  OF  THE  PERFORMANCE  INDICES  RELATED  TO 
HEART RATE AND BLOOD LACTATE RESPONSES TO EXERCISE
The linear relationship between HR and velocity was represented graphically with 
a statistical program13. For this calculation, only the last 30 s of each workload was taken 
10 S800, Polar Pro-Trainer 5, Polar Electro®, Finland
11 Polar Pro-Trainer 5 software, Polar Electro®, Finland
12 Accutrend Plus, Roche Farma®, Madrid, España
13 Statistica for windows V.9.0, Statsoft Inc®, USA. 
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into account, when it was considered that a stationary state of HR was achieved. From the 
relationship between HR and velocity, two indices of cardiovascular performance were 
calculated: V150 and V200, velocities at which horses reach Hrs of 150 and 200 beats/min. 
The exponential relationship between velocity and blood LA concentrations was 
represented graphically with the same statistical program14. From this relationship, two 
functional indices derived from blood LA accumulation were obtained: VLA2 and VLA4, 
velocities  at  which  the  horses  achieved  blood  LA concentrations  of  2  and  4 mmol/l 
respectively. 
After calculating VLA2 and VLA4, from the linear relationship between velocity and 
HR, other two indices were got: HRLA2 and HRLA4, HRs at blood LA concentrations of 2 
and 4 mmol/l respectively. These indices were calculated with a specific sofware15. 
8.4.6. STATISTICAL ANALYSIS 
After  inspection  of  the  scatter  plots  of  the  relationships  between  blood  LA 
accumulation and velocity for both types of exercise tests (treadmill and field), regression 
analyses  were conducted to describe lines of best fist.  Associations between variables 
were described by linear, exponential and polynomial equations and by coefficients of 
regression. The lines of best fit  were defined as those with the highest coefficients of 
regression (R2). All results are expressed as mean±SD, and were considered significant at 
P<0.05. A statistic program has been used for these analyses16. 
14 Statistica for windows V.9.0, Statsoft Inc®, USA. 
15 Winlact® V.2.0., Germany
16 SStatistica for windows V.9.0, Statsoft Inc®, USA. 
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8.5. RESULTS
8.5.1. TREADMILL EXERCISE TESTS
The 29 endurance horses submitted to perform TETs were able to carry out the 
test. Five additional horses were submitted to the CEMEDE, but they were excluded of 
the study. These horses were unable to perform this type of TET because of exertional 
rhabdomyolysis (1 horse), lameness of unknown origin (1 horse), lower airway disease (1 
horse), mild to moderate ataxia of unknown origin (1 horse) and technical problems with 
the respiratory mask (1 horse). The 29 horses acclimatized to the treadmill easily. 
All the horses were able to complete the 10 min of warming-up without problems. 
The number of workloads completed, and therefore, the duration of the exercise varied 
between horses: three horses ran up to 60 s at 8 m/s, one horse 90 s at 8 m/s, four horses 
120 s at 8 m/s, two horses 150 s at 8 m/s, ten horses completed the workload of 8 m/s, 
two horses performed 30 s at 9 m/s, two horses 120 s at 9 m/s, four horses completed the 
workload of 9 m/s and one horse, was able to run up to 60 s at 10 m/s. The total duration 
of the TET, without considering the warming-up and the warming-down periods, was 
734.8±94.78 s (12.25±1.58 min), ranging between 600 and 960 s (between 10 min and 16 
min). 
Fourteen of the 29 endurance horses (48.28%) that performed the TET reached 
mean HRs higher than 200 beats/min. In the remaining 15 horses, V200 was calculated by 
means  of  extrapolation  of  the  values  from  the  linear  regressions  between  HR  and 
velocity.  The values of the HR presented by the endurance horses during the TET are 
shown in Figure 1.
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Figure 1. Response of the  
heart  rate  to  a  treadmill  
exercise test in endurance  
horses  (R,  rest;  WU,  
warming-up;  E,  exercise  
workload;  WE,  warming-
down)
The regression line between HR and treadmill velocity is presented in the figure 
2. The regression coefficient (R2) was of 0.946.
Figure 2. Regression line  
between  heart  rate  and 
velocity  in  endurance  
horses during a treadmill  
exercise test
90
-2 0 2 4 6 8 10 12
Treadmill velocity (m/s)
20
40
60
80
100
120
140
160
180
200
220
240
He
ar
t r
at
e (
be
at
s/m
in
)
Heart rate= 40.43 + 12.16 V
R2=0.946
R WU1 WU2 E1 E2 E3 E4 E5 E6 WD1 WD2
Treadmill exercise level
20
40
60
80
100
120
140
160
180
200
220
240
He
ar
t r
at
e (
be
at
s/m
in
)
V150
V200
Field and treadmill exercise tests in endurance horses
Blood LA concentrations were higher than 4 mmol/l in all of the 29 endurance 
horses that performed the TETs. These results are presented in figure 3. 
Figure 3. Response of the blood 
lactate  concentrations  to  a  
treadmill  exercise  test  in  
endurance horses (R, rest; WU,  
warming-up;  E,  exercise  
workload; WD, warming-down)
The blood LA accumulation was adjusted to three mathematical models, linear, 
exponential  and  polynomic.  The  three  models,  the  equations  and  the  regression 
coefficients are presented in figures 4, 5 and 6.  
Figure 4. Linear model of blood 
lactate  accumulation  in  
response to a treadmill exercise  
test in endurance horses 
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Figure  5.  Exponential  model  
of blood lactate accumulation 
in  response  to  a  treadmill  
exercise  test  in  endurance  
horses 
Figure 6.  Polynomial model 
of  blood  lactate 
accumulation in response to  
a  treadmill  exercise  test  in  
endurance horses 
The  higher  R2 coefficient  was  found  for  the  exponencial  model  (R2=0.871), 
followed by the polynomial model (R2=0.869) and linear model (R2=0.759) (Figures 4, 5 
and 6). 
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8.5.2. FIELD EXERCISE TESTS
All the horses that were submitted to the CEMEDE in order to be subjected to a 
FET were able to complete the tests,  although some problems were found.  The most 
common problem was  the  difficulty  to  strictly  standardize  the velocity,  as  this  point 
depended on the ability and experience of the rider. The second problem was the effect of 
excitation. 
The initial mean speed of the FET was 4.0 m/s (14.40 km/h) in 2 horses (mean: 
4.2±0.2 m/s), 5.0 m/s (18.00 k/h) in 14 horses (mean: 5.015±0.09 m/s, ranging between 
4.89 and 5.19 m/s) and 6.1 m/s (21.96 km/h) in 1 horse. The maximum speeds achieved 
during the FET were between 6 and 7 m/s (21.56-25.20 km/h) in 3 horses, between 7 and 
8 m/s (25.20-28.80 km/h) in 6 horses and more than 8 m/s (more than 28.80 km/h) in 8 
horses.  The number of workloads, without considering the warming-up and warming-
down, was of 3 (for 3 horses), 4 (for 8 horses), 5 (for 5 horses) and 6 (for 1 horse). The 
velocity was progressively increased until  the horse reached blood LA concentrations 
higher  than (or close to)  4 mmol/l,  he appeared tired or he was not able to keep the 
required velocity.  At that  point,  the test  was stopped. The total  duration of the FET, 
without considering the warming-up and the warming-down periods, was 810.0±113.8 s 
(13.5±1.897 min), ranging between 720 and 1080 s (between 12 min and 18 min).
None of the 17 endurance horses that were subjected to the FET reached HRs 
higher than 200 beats/min, and therefore, the values of V200 had to be extrapolated from 
the linear relationship between velocity and HR. The values of HR presented by these 
animals during the FET are shown in figure 7. 
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Figure  7.  Response  of  the 
heart rate to a field exercise  
test  in  endurance  horses  (R,  
rest;  WU,  warming-up;  E,  
exercise  workload;  WE,  
warming-down)
The regression line between HR and field velocity is presented in the figure 8. 
The regression coefficient (R2) was of 0.919.
Figure  8.  Regression  line 
between heart rate and velocity  
in  endurance  horses  during  a  
field exercise test. 
Six of the 17 endurance horses that performed the FET did not reach blood LA 
concentrations  higher  than  4 mmol/l.  The test  was  stopped because  they had already 
performed four workloads and the owner was interested in knowing the aerobic threshold 
as an indicator for training. The response of blood LA concentrations during the FET is 
presented in figure 9. 
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Figure  9. Response  of  the  
blood  lactate  concentrations  
to  a  field  exercise  test  in  
endurance horses (R, rest; E,  
exercise workload)
The  three  mathematical  models  used  to  evaluate  the  response  of  blood  LA 
concentrations to the field exercise tests are presented in figures 10, 11 and 12. 
Figure  10.  Linear  model  of  
blood lactate accumulation in  
response  to  a  field  exercise  
test in endurance horses 
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Figure 11. Exponential model  
of  blood lactate accumulation 
in response to a field exercise  
test in endurance horses 
Figure 12. Polynomial model of  
blood  lactate  accumulation  in  
response to a field exercise test  
in endurance horses 
As we can see in these figures, the exponential and polynomial models presented 
very similar coefficients of regression (0.679 and 0.641, respectively). The coefficient of 
regression for the linear model was lower (0.461). 
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8.6. DISCUSIÓN/DISCUSSION
Uno  de  los  objetivos  de  este  estudio  era  conocer  si  los  test  realizados  en  el 
CEMEDE son los adecuados para caballos de resistencia, teniendo en cuenta la literatura 
científica. La discusión se ha dividido en tres grandes apartados, en los que se evaluarán 
los  problemas  surgidos  durante  la  realización  de  los  tests,  se  analizará  el  periodo  de 
calentamiento y finalmente, los tests propiamente dichos. 
8.6.1. DIFICULTAD EN LA REALIZACIÓN DE LOS TESTS DE EJERCICIO
Los  tests  de  ejercicio  en  campo  presentaron,  metodológicamente,  más 
complicaciones  que los tests  en  treadmill.  Los  principales inconvenientes  encontrados 
fueron: 1) Mayor grado de estrés de los animales; 2) Dificultad en definir la velocidad 
inicial y final del test según el estado de forma física de los caballos.
El  nivel  de  estrés  más  intenso  durante  el  test  en  campo  se  constató  en  dos 
resultados. En primer lugar, se observó una variación más intensa de la FC. De hecho, en 
dos caballos no se pudieron calcular de forma correcta los valores de V150 y V200, porque 
la velocidad en el segundo nivel de esfuerzo (E2) fue inferior a la del primer nivel (E1). 
En segundo lugar, en tres caballos, la concentración de LA fue inferior en E2 que en E1 y 
R. 
La dificultad en el establecimiento de la velocidad inicial del test en campo se 
hizo patente en el número de escalones de ejercicio. En los caballos con una forma de 
física  moderada,  el  test  estuvo  formado por 3-4 escalones.  Sin embargo,  en  aquellos 
animales con una forma física superior, fue necesario hacer 5-6 escalones de esfuerzo, 
con el consiguiente consumo de tiempo y necesidad de prolongar el test en el campo. 
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8.6.2. CALENTAMIENTO PREVIO AL TEST DE EJERCICIO
Aunque  el  calentamiento  se  considera  esencial  para  conseguir  el  mejor 
rendimiento, tanto en entrenamiento como en competición, hay poca literatura científica 
que apoye su efectividad (Bishop, 2003; Jones  et al.,  2003). Bishop (2003) distinguió 
entre calentamiento pasivo y activo. El calentamiento de forma pasiva utiliza elementos 
externos para aumentar la temperatura corporal y muscular, por ejemplo duchas de agua 
caliente.  El  método de forma activa es el  más utilizado, consiste en la realización de 
ejercicio físico. La presente discusión se centrará en este tipo de calentamiento, por ser el 
más utilizado por los deportistas y el que hemos utilizado en nuestros test.
El calentamiento se utiliza para familiarizar a los clientes con el equipamiento y 
con el entorno a utilizar, y para prepararlos para la primera parte del test de ejercicio 
(Heyward,  2006).  Es  decir,  se  trata  de  una  preparación  psicológica  y  fisiológica.  La 
preparación  psicológica  en  animales,  es  esencial  para  realizar  un test  de  ejercicio  de 
forma correcta.  Se ha confirmado que la falta de adaptación al entorno y al ejercicio, 
conlleva liberación incrementada de catecolaminas y cortisol, tanto en reposo como en 
respuesta a un test  de ejercicio  (Nagata  et  al.,  1999; Hada  et  al.,  2003; Angle  et  al., 
2009). El aumento de estas hormonas en sangre da lugar a una elevación superior de la 
HR, a una mayor respuesta glucolítica al ejercicio y a una movilización temprana del 
reservorio esplénico (Mazzeo y Marshall, 1989; Freestone et al., 1991; Marc et al., 2000; 
Hada  et  al., 2003).  Por  tanto,  una  falta  de  adaptación  psicológica  al  entorno  o  al 
instrumental usado durante un test de ejercicio en caballos, conllevaría a una reducción 
de los valores de V150, V200 (mayor HR a la misma velocidad) y de VLA2 y VLA4 (mayor 
producción de LA a la misma velocidad). 
En nuestro caso, y como ya se ha indicado en el apartado 8.6.1., hubo dos caballos 
que hicieron un test de campo en los que la HR no fue lineal, con valores más elevados en 
reposo e inicio del test, lo cual reflejó el predominio simpático. Este hecho podría indicar 
que quizá estos dos animales, de forma específica, hubieran necesitado más tiempo de 
calentamiento. No obstante, no es fácil establecer como se podrían hacer modificaciones 
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en el calentamiento del animal para minimizar la acción del estrés en el test de ejercicio 
siguiente. 
En relación a la preparación fisiológica, se han descrito numerosos beneficios de 
un calentamiento correcto, que conducen a una mejora de rendimiento físico (en caso de 
competiciones)  o  bien  a  una  respuesta  más  correcta  a  un  test  de  ejercicio.  Dichos 
beneficios son los siguientes: 1) Incremento del flujo sanguíneo; 2) Aumento de VO2 y 
HR; 3) Mayor coordinación locomotora; 4) Incremento de la temperatura muscular y de 
los procesos metabólicos (Houmard et al., 1991; Bangsbo, 1994; Rodenburg et al., 1994; 
McCutcheon et al., 1999). Todo ello, de forma conjunta, conduce a una aceleración en la 
cinética de VO2 debido a una mayor disponibilidad de O2 en los músculos activos al 
inicio  del  ejercicio,  y  a  una  reducción  de  la  producción  de  LA  (Gurd  et  al.,  2005; 
Wittekind et al., 2012). 
Por  otra  parte,  algunas  investigaciones  han  sugerido  que  el  calentamiento  no 
provoca cambios fisiológicos significativos suficientes para aumentar el rendimiento. De 
hecho, si es demasiado largo y/o intenso, puede conllevar un desequilibrio homeostático 
o una depleción de substratos energéticos. Bishop (2003) sugirió que un calentamiento de 
baja intensidad mejora el rendimiento en actividades de duración media. Por el contrario, 
calentamiento de alta intensidad, superior al 70%VO2max, sin una recuperación adecuada 
antes de iniciar el ejercicio, podría ser perjudicial. Asimismo, se ha demostrado que un 
calentamiento antes de un ejercicio de larga duración, especialmente si se lleva a cabo en 
condiciones  ambientales  calurosas  y  húmedas,  reduce  el  tiempo de  ejercicio  hasta  la 
fatiga en personas (Gregson et al., 2002). 
Más recientemente,  Hajoglou  et al. (2005) sometieron a un test de 3000 m en 
bicicleta  a  8  ciclistas  bien  entrenados,  con  tres  calentamientos  diferentes:  1)  Sin 
calentamiento,  2) Con un calentamiento de 15 min a intensidad moderada (5  min de 
series al 70, 80 y 90% de su umbral ventilatorio), con 2 min de recuperación; y 3) Con un 
calentamiento de 15 min de duración, similar al anterior, pero al que añadieron 3 min a 
alta  intensidad  y  6  min  de  recuperación.  Estos  autores  describieron  una  mejoría  del 
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rendimiento en el test en los dos últimos casos, independientemente de la intensidad del 
calentamiento.  Lo  importante  de  esta  investigación  es  la  confirmación  de  que  la 
intensidad del calentamiento no parece ser determinante antes de un test de ejercicio. 
Existen varias variables a considerar en el diseño de un periodo de calentamiento, 
tanto antes de un test, como al comenzar una sesión de entrenamiento o en competición. 
Dichas características son, su intensidad, duración, modo y existencia o no de tiempo de 
recuperación. En seres humanos, se han llevado a cabo numerosas investigaciones para 
evaluar la influencia de las características del periodo de calentamiento en la respuesta al 
ejercicio posterior o en competición, como se ha mostrado en los párrafos anteriores, si 
bien no existe un consenso claro. La información científica en caballo, por el contrario, es 
muy limitada.  Destacan las investigaciones  de McCutcheon  et  al. (1999),  Geor  et  al. 
(2000) y Mukai  et al.  (2010). McCutcheon  et al.  (1999) y Geor  et al. (2000), en dos 
trabajos  paralelos,  evaluaron  la  respuesta  a  tres  tipos  de  calentamiento  en  caballos 
Standardbred: 1) Sin calentamiento; 2) Calentamiento moderado, 10 min a una intensidad 
de  ejercicio  50%VO2max;  3)  Calentamiento  intenso,  7  min  a  50%VO2max seguido  de 
intervalos de 45 s a 80, 90 y 100%VO2max. Tras 5 min de recuperación, se inició el test de 
ejercicio, consistente en 2 min de paso, seguidos de una aceleración en la cinta rodante 
hasta conseguir la velocidad de 115%VO2max, controlando el tiempo hasta la fatiga. Los 
principales hallazgos de estas dos investigaciones se pueden resumir de este modo: 1) La 
tasa de metabolismo del glucógeno fue inferior durante el ejercicio tras el calentamiento 
moderado, con una menor acumulación de LA en músculo y en sangre; 2) El VO2peak o 
valor más elevado de VO2 hallado durante el ejercicio, fue superior tras un calentamiento 
moderado;  3)  El  tiempo de  ejercicio  hasta  la  fatiga  fue  mayor  tras  el  calentamiento 
moderado, seguido por el calentamiento intenso y finalmente, por el no calentamiento 
(McCutcheon et al., 1999; Geor et al., 2000). Por tanto, los datos obtenidos revelaron que 
un calentamiento, independientemente de su intensidad, promueve una mayor utilización 
aerobia  de  la  energía  durante  el  ejercicio  posterior,  siendo  este  efecto  más  marcado 
cuando el calentamiento es de intensidad moderada. 
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En base a estos resultados,  en nuestro caso,  hemos diseñado un calentamiento 
conformado por 5 min al paso y 5 min al trote. En conocimiento de los autores, no existe 
información  sobre  el  efecto  de  la  duración  del  calentamiento  en  el  test  de  ejercicio 
posterior en el caballo. La combinación de 4-5 min al paso y 4-5 min al trote es uno de 
los  protocolos  de calentamiento previos  al  test  de ejercicio  más utilizada en caballos 
(Boffi et al., 2002; Bröjer et al., 2002; Hargmegnies et al., 2002; Kirschvink et al., 2002; 
Marlin et al., 2002; Schuback et al., 2002; Trilk et al., 2002; Young et al., 2002; Wickler 
et  al.,  2002;  Art  et  al.,  2006; De Moffarts  et  al.,  2006; Vengust  et  al.,  2010).  Otros 
autores, por el contrario, se han decantado por calentamientos largos, de hasta 30 min, 
intercalando paso, trote y canter (Bitschnau et al., 2010). En otros caso, se ha preferido 
calentamientos breves, de 3 min al paso y 2-3 min al trote (Ohmura et al., 2002; 2010; 
Ramseyer  et  al.,  2010),  si  bien  estos  últimos  calentamiento  son  menos  frecuentes, 
generalmente se llevan a cabo en caballos Pura Sangre Inglés y preceden a tests máximos 
para calcular VO2max o el déficit de oxígeno. 
En nuestro caso, hemos expresado la intensidad del periodo de calentamiento en 
función del aire del caballo (paso- trote) y eligiendo la velocidad a cada aire a la que el 
caballo  se  encontraba  más  cómodo.  Si  bien  algunos  autores  prefieren  seleccionar  la 
intensidad en base al porcentaje de VO2máx, este procedimiento suele ser más experimental 
que clínico, ya que implica la realización de un test de ejercicio previo para el cálculo de 
VO2máx.  Un  tercer  protocolo,  sería  definir  la  intensidad  de  ejercicio  en  base  a  HR, 
parámetro que se ha utilizado para estimar la intensidad de ejercicio absoluta y relativa, 
para evaluar la respuesta cardiovascular  al  ejercicio  y los efectos  de la edad (Young, 
1999).  HRmax no se modifica con el  entrenamiento en el  caballo  (Gramkow y Evans, 
2006; Hada et al., 2006; Vincent et al., 2006), por lo que podríamos haber llevado a cabo 
un calentamiento basado en un porcentaje de HRmax. Si bien posiblemente esta tercera 
opción sería más correcta, al implicar que todos los animales realizarían la misma carga 
absoluta  de  calentamiento,  es  complicada  de  realizar  desde  un  punto  de  vista 
metodológico. Hay que considerar que el caballo es un animal que experimenta un gran 
estrés psíquico y fisiológico al inicio del ejercicio. Aunque llevamos a cabo un periodo de 
aclimatación a la cinta rodante y al entorno de la misma para minimizar este efecto, no 
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pudimos anularlo completamente, ya que en parte estaría ligado al carácter del animal a 
evaluar. Se sabe que el estrés afecta fundamentalmente a la HR al inicio del ejercicio, 
reduciéndose su influencia conforme aumenta la velocidad (Hada et al., 2003; Kinnunen 
et al., 2006). Por estos motivos, hemos elegido expresar la intensidad del calentamiento 
de forma relativa, en función de la velocidad de ejercicio. 
Un beneficio muy importante de un correcto calentamiento es la prevención de 
lesiones  músculo-esqueléticas.  Esta  idea  ha  sido  demostrada  en  atletas  humanos.  De 
hecho,  entrenamiento  y  calentamiento  equilibrados  y  correctos  son  clave  para  la 
prevención de lesiones musculares, al mejorar la elasticidad de los músculos (Safran  et  
al.,  1989).  No  obstante,  algunos  estudios  retrospectivos  no  han  hallado  una  relación 
directa  entre  calentamiento  incorrecto  y  lesión  músculo-esquelética.  Por  el  contrario, 
otros autores defienden que el calentamiento incorrecto o la falta de calentamiento se 
correlaciona con un riesgo superior de lesión locomotora en personas (Parkkari  et al., 
2001; Fradkin et al., 2006). El calentamiento previo a una sesión de entrenamiento reduce 
el riesgo de lesiones músculo-esqueléticas en caballos de doma (Murray  et al., 2010), 
posiblemente debido a que el calentamiento conlleva una adaptación músculo-esquelética 
a diversos tipos de ejercicio o por una mejora de la propiocepción (Holm et al., 2004). 
No existe información acerca del efecto del diseño del calentamiento previo a un 
test de ejercicio en la aparición de lesiones durante dicho test. De hecho, en conocimiento 
de los autores, no se han investigado las lesiones que podrían potencialmente surgir a 
consecuencia de un test de ejercicio en campo. Existe una única investigación que realiza 
una recopilación retrospectiva de los accidentes asociados al uso de treadmill (Franklin et  
al.,  2010).  Estos  autores  recopilaron  sesiones  en  cinta  rodante  en  un  total  de  2305 
caballos,  remitidos  para  tests  de  ejercicio  en  centros  de  diferentes  países,  con 
calentamientos distintos y tests de ejercicio de características variables. En ningún caso, 
las  lesiones  observadas  (5,4%  de  los  caballos)  se  asociaron  a  un  calentamiento 
inadecuado.  Las  lesiones  fueron  clasificadas  en  severas  y  leves.  Las  severas  fueron 
consecuencia  de  patologías  previas  no  diagnosticadas  (por  ejemplo,  agudización  de 
tendinitis,  rabdomiólisis,  aneurisma  pulmonar,  trombosis  aorto-ilíaca,  arritmias 
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cardiacas…)  y  las  leves  fueron  consecuencia  de  la  locomoción  en  cinta  rodante 
(rozaduras,  caídas,  alcances…) (Franklin  et  al.,  2010).  Por  tanto,  el  calentamiento no 
parece ser un factor importante en la prevención de lesiones previamente a un test de 
ejercicio, si bien habría que considerar un caso especial aquellos animales con patologías 
(sub)clínicas. 
8.6.3. VELOCIDAD INICIAL EN EL TEST DE EJERCICIO
Los caballos que fueron evaluados en treadmill iniciaron el test a una velocidad 
de 5 m/s. En el caso de los tests en campo, 2 caballos los iniciaron a 4,0 m/s, 14 caballos 
a 5,0 m/s y 1 caballo a 6,1 m/s. Las diferencias en cuanto a las velocidades de inicio 
vinieron dadas  por  la  dificultad en el  control  de la velocidad por algunos jinetes.  La 
experiencia de los jinetes durante el test en campo fue bastante variable. Esto hizo que, el 
control de la velocidad inicial, así como su mantenimiento lo más estable posible durante 
la carga de esfuerzo fuera complicado.
La velocidad inicial  de los tests,  tanto en campo como en  treadmill,  según  la 
literatura es variable. Algunos autores han comenzado los tests a 4 m/s (Hyyppä  et al., 
1995; Bailey et al., 1999; Sampson et al., 1999; Trilk et al., 2002), 5 m/s (Eaton et al., 
1995), 6 m/s (Harris et al., 1999; Kobayashi et al., 1999; Betros et al., 2002; Jansson et  
al., 2002; Prince  et al.,  2002) o a velocidades superiores.  Así, Debreucq  et al. (1995) 
iniciaron un test de ejercicio en campo para caballos trotones a velocidades comprendidas 
entre  440 m/min (7,3 m/s)  y  500 m/min (8,3  m/s),  según  el  tiempo que llevaban  en 
entrenamiento. Aquellos que habían entrenado menos de 4 meses, comenzaron el test a 
7,3 m/s, mientras que los que llevaban en entrenamiento más de 24 meses, lo hicieron a 
8,3  m/s.  Couroucé  et  al. (1999)  usaron  velocidades  muy  similares  a  las  anteriores, 
también para evaluar caballos trotones Standardbreds, en pista y en treadmill. 
Los  tests  de  ejercicio  descritos  para  caballos  de  resistencia  se  inician  a 
velocidades diversas. Cottin et al. (2010) comenzaron un test de campo a una velocidad 
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de 13 km/h (3,6 m/s). Fraipont et al. (2011; 2012), en tests en campo, comenzaron el test 
a 27 km/h (6 m/s). Estos mismos autores, también para caballos de raid, iniciaron el test 
en treadmill a una velocidad de 7,5 m/s. 
8.6.4. NÚMERO DE CARGAS DE ESFUERZO EN EL TEST DE EJERCICIO
El número de cargas que cada caballo fue capaz de completar estuvo supeditado, 
fundamentalmente al estado de forma física y nivel de entrenamiento. En  treadmill, el 
número de cargas completadas fue de: 1) tres cargas de esfuerzo (5, 6 y 7 m/s) en 10 
caballos (no fueron capaces de completar la carga de 8 m/s); 2) cuatro cargas de esfuerzo 
(5, 6, 7 y 8 m/s) en otros 10 caballos; 3) cuatro caballos iniciaron la quinta carga de 
esfuerzo (5, 6, 7, 8 e iniciaron, pero no completaron la velocidad de 9 m/s); 4) cuatro 
caballos completaron 5 cargas de esfuerzo (5, 6, 7, 8 y 9 m/s) y finalmente, 5) un único 
caballo inició la carga de 10 m/s, siendo capaz de mantenerla durante 60 s. 
Los  tests  de  ejercicio  incrementales,  en  treadmill,  tienen  la  ventaja  de 
proporcionar información fiable acerca del estado de forma física del animal, analizando 
el tiempo de ejercicio hasta la fatiga. De hecho, en treadmill, la mayoría de los autores 
prefiere este tipo de tests, incrementales, en los que se va a aumentado progresivamente 
la  velocidad,  generalmente  1  m/s,  hasta  que  el  caballo  es  incapaz  de  mantener  la 
velocidad requerida (Schuback y Essén-Gustavsson, 1998; Christley et al., 1999; Harris 
et al., 1999; Betros et al., 2002; Kavazis et al., 2002; Malinowski et al., 2002; Prince et  
al., 2002; Ramseyer et al., 2010). 
En cuanto al  test de ejercicio en campo, el  número de cargas  de esfuerzo, sin 
considerar el calentamiento, fue de 3 (3 caballos), 4 (8 caballos), 5 (5 caballos) y 6 (1 
caballo).  Se ha recomendado que un test de ejercicio tenga,  al  menos,  3 escalones de 
ejercicio, de modo que se dispondría de 4 datos (considerando el basal) para el cálculo de 
índices de funcionalidad, cardiovasculares y metabólicos (Kronfeld  et al., 1995; Muñoz 
et al., 1997; 1998b; 1999; 2013). En la literatura, los tests de ejercicio con tres escalones 
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de esfuerzo, de intensidad progresiva,  se han descrito para evaluar el estado de forma 
física y el potencial físico de caballos trotones  Standardbreds (Dubreucq  et al.,  1995; 
Couroucé  et al., 1997; 1999; 2002; Couroucé, 1999; Leleu  et al., 2005). También para 
caballos de resistencia se han diseñado tests de ejercicio en campo, con tres cargas de 
esfuerzo, recorriendo 27 km a 6 m/s, 1500 m a 7,5 y 1500 m a 8,8 m/s (Fraipont et al., 
2011; 2012). Este test fue diseñado para simular las velocidades medias y la duración de 
una competición de resistencia en terreno llano (carga de esfuerzo 1) y para evaluar los 
valores de V200 y VLA4 (cargas de esfuerzo 2 y 3) (Fraipont  et al.,  2011; 2011). Otros 
autores,  han optado por hacer tests de ejercicio en campo con 4-5 cargas de esfuerzo 
(Castejón et al., 1994; Muñoz et al., 1997; 1998a,b; 1999; 2002). Se ha visto que con un 
número  superior  de  cargas  de  esfuerzo,  se  optimiza  el  cálculo  de  los  índices  de 
funcionalidad, si bien requiere un mayor consumo de tiempo y material (Kronfeld et al., 
1995; Couroucé, 1999). 
En nuestro caso, solo 3 animales realizaron el test de campo con tres escalones de 
ejercicio.  Ello se debió a que tenían un estado de forma bajo o estaban al  inicio del 
entrenamiento.  De hecho,  las  concentraciones  de  lactato  que  mostraron  tras  el  tercer 
escalón de ejercicio fueron de 7,3, 4,3 y 4,9 mmol/l. Cinco caballos, en nuestro estudio, 
hicieron 5 cargas de esfuerzo. El motivo, fue el mismo, en este caso, presentaron un nivel 
de  forma  física  buena,  de  modo  que,  tras  el  cuarto  escalón,  no  se  superaron  las 
concentraciones de lactato de 4 mmol/l (concentraciones de lactato tras el cuarto escalón: 
3,3, 3,0, 3,0, 3,4 y 3,5 mmol/l). Finalmente, un caballo llevó a cabo 6 escalones. Este 
animal, a pesar de realizar seis escalones de ejercicio en el test, y lograr una velocidad 
media de 8,3 m/s, la concentración de lactato fue de 2,4 mmol/l.  En este caso, y por 
motivos de seguridad (para alcanzar una velocidad superior en campo, de forma segura, 
sería necesario disponer de una pista de muy buena calidad), se decidió concluir el test. 
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8.6.5.  DURACIÓN  DE  CADA  CARGA  DE  ESFUERZO  EN  EL  TEST  DE 
EJERCICIO
La duración de cada carga de esfuerzo debe ser suficiente para garantizar que se 
ha logrado  una estabilización de las respuestas  de la HR y del  LA sanguíneo.  Se ha 
sugerido que se requieren cargas de 3 a 5 min de duración para alcanzar un estado estable 
en la lactacidemia en personas (Jacobs, 1986), si bien es posible que se puedan hacer 
cargas de más corta duración en el caballo (Evans y Rose, 1988; Muñoz  et al., 1998a; 
Couroucé,  1999).  Las  cargas  de ejercicio  en  treadmill suelen tener  una duración más 
corta, generalmente de 1-2 minutos. Ello se debe a que, en muchos casos, estos tests están 
diseñados para caballos Pura Sangre Inglés y se quiere alcanzar el consumo máximo de 
oxígeno (VO2máx). Se reduce la duración de la carga de esfuerzo para que el animal logre 
velocidades  máximas,  sin  una  inversión  de  tiempo  demasiado  elevada.  Numerosos 
autores han utilizado cargas de esfuerzo de 1-2 min de duración en treadmill (Eaton et al., 
1995; Evans et al., 1995; Hyyppä et al., 1995; Christley et al., 1999; Harris et al., 1999; 
Pringle  et  al.,  1999; Roberts  et  al.,  1999; Schuback  et  al.,  1999; Betros  et  al.,  2002; 
Ohmura  et  al.,  2002;  Prince  et  al.,  2002;  Mukai  et  al.,  2006;  Vincent  et  al.,  2006; 
Bitschnau et al., 2010; Jansson y Lindberg, 2012). 
Los tests de ejercicio en pista suelen presentar una duración de unos 3 min en 
cada  carga  (Couroucé  et  al.,  1997;  1999;  2000;  2002;  Couroucé,  1999;  Leleu  et  al., 
2005). No obstante, es muy común en los tests de campo que se recorra una distancia 
concreta en cada carga de esfuerzo, por ejemplo, 1000-1600 m, a velocidades progresivas 
(Wilson et al., 1983; Castejón et al., 1994; Muñoz et al., 1997; 1998b; 1999; Kobayashi 
et al., 1999; Ronéus et al., 1999; Davie y Evans, 2000; Davie et al., 2002; Gramkow y 
Evans, 2006). Nosotros elegimos el método de una duración concreta en cada carga de 
esfuerzo, en lugar de una distancia determinada, por su mayor facilidad en la recogida de 
muestras sanguíneas en la pista. 
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8.6.6. VELOCIDAD FINAL EN EL TEST DE EJERCICIO
Como se ha comentado en el  apartado 8.6.4.,  relativo al número de cargas,  la 
velocidad final del test de ejercicio, vino definida por: 1) incapacidad para mantener la 
velocidad requerida y/o 2) superar la concentración de lactato de 4 mmol/l. En los tests de 
ejercicio en treadmill, la reducción de la velocidad en el caballo suele ser el criterio más 
utilizado, y en estos casos, el tiempo de ejercicio hasta la fatiga se considera un buen 
índice de forma física y funcionalidad (Eaton et al., 1995; Evans et al., 1995; Christley et  
al., 1999; Harris  et al., 1999; Pringle  et al., 1999; Roberts  et al., 1999; Ohmura  et al., 
2002; Prince et al., 2002; Mukai  et al., 2006; Bitschnau  et al., 2010; Castejón-Riber  et  
al., 2012). Debido a que el principal objetivo de un test de ejercicio diseñado para evaluar 
forma física  es  el  cálculo  de los  índices  de  funcionalidad  V150,  V200,  VLA2 y  VLA4,  la 
obtención valores de HR superiores a 200 lat/min y concentraciones sanguíneas de LA 
superiores  a  4  mmol/l,  suele  suponer  la  finalización  del  test  (Debreucq  et  al.,  1995; 
Couroucé et al., 1997; 1999; 2000; 2002; Couroucé, 1999; Leleu et al., 2005). 
En nuestra investigación, durante el test en treadmill, todos los caballos superaron 
la concentración de LA de 4 mmol/l, mientras que solo 14 de los 29 animales estudiados 
alcanzaron HRs superiores a los 200 lat/min. Por otro lado, en los tests en campo, ningún 
caballo alcanzó los 200 lat/min y solo 6 de los 17 animales superó los 4 mmol/l de LA. 
Estos  resultados  reflejan  la menor intensidad con la  que se llevó a  cabo los tests  de 
ejercicio  en  el  campo.  Esto  podría  deberse  a  dos  motivos:  1)  Los  caballos  menos 
entrenados,  a  juicio  del  entrenador,  eran  sometidos  con  mayor  frecuencia  a  tests  en 
campo, más básicos y menos costosos económicamente; 2) El ejercicio durante un test en 
campo, se lleva a cabo con mayor cautela,  debido al peligro de subir la velocidad en 
pistas no siempre bien acondionadas para estas velocidades. 
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8.6.7. PERIODO DE RECUPERACIÓN ENTRE CARGAS DE ESFUERZO EN EL 
TEST DE EJERCICIO
Algunos autores recomiendan dejar un tiempo de recuperación entre cargas  de 
esfuerzo.  La importancia de dicho tiempo de recuperación, generalmente de 1 min de 
duración deriva de los siguientes hechos: 1) Favorece el flujo de LA desde músculo hacia 
la sangre;  2)  Permite  una recuperación  leve para el  siguiente  escalón de esfuerzo;  3) 
Permite la recogida de datos, como por ejemplo, muestras de sangre. 
El flujo del LA a través de las membranas celulares, incluyendo el sarcolema, se 
encuentra facilitado por una familia de transportadores monocarboxilato (Pöso, 2002). De 
las 14 isoformas identificadas, las isoformas 1 y 4 (MCT1 y MCT4) son transportadores 
esenciales en el músculo esquelético. Se ha visto que la isoforma MCT1 predomina en las 
fibras oxidativas, mientras que la isoforma MCT4 aparece en mayor grado en las fibras 
glucolíticas. Parece ser que las isoformas MCT1 y MCT4 favorecen la captación y la 
eliminación del LA, de forma respectiva (Kitaoka et al., 2011; 2013; Koho et al., 2012). 
Varias investigaciones han confirmado que la expresión de estos transportadores aumenta 
con el entrenamiento, favoreciendo, por tanto, la captación de LA por parte de las fibras 
oxidativas, y su metabolismo, y la eliminación desde las fibras glucolíticas (Revold et al., 
2010; Kitaoka et al., 2011; 2013). No obstante, en conocimientos de los autores, no se ha 
estudiado  como  influye  la  presencia  de  estas  isoformas  de  transportadores  en  la 
eliminación de LA tras una carga de esfuerzo en un test de ejercicio. A pesar de ello, 
muchos autores recomiendan dejar de 30 a 60 s entre niveles de esfuerzo para propiciar el 
paso del LA desde la fibra muscular hacia sangre, en base a investigaciones previas sobre 
la cinética de este metabolito (Weber  et al., 1987; Harris  et al., 1991a,b; Marlin  et al., 
1991; Muñoz et al., 1996). 
En nuestra investigación, este tiempo de recuperación se permitió en los tests en 
campo, ya que es el tiempo necesario para que el caballo pare y se obtenga la muestra de 
sangre. En los tests en treadmill, el tiempo de recuperación entre cargas fue ligeramente 
inferior (20 s frente a los 30 s en el campo). Ello se debió a la mayor facilidad para la 
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recogida de muestras en los caballos en  treadmill en comparación con el campo. Hasta 
este momento, no se ha evaluado en el caballo, como podría afectar a la concentración de 
LA en sangre, el hecho de permitir o no, de 30 a 60 s de recuperación entre cargas de 
esfuerzo. 
8.6.8.  SELECCIÓN DE LA PENDIENTE EN LOS TESTS DE EJERCICIO EN 
TREADMILL
Desde  hace  muchos  años,  se  conoce  que  las  respuestas  cardiovascular, 
ventilatoria, metabólica y locomotora son diferentes en pista que en treadmill (Valette et  
al.,  1992; Barrey  et al.,  1993a,b;  Galloux  et  al.,  1993; Couroucé  et  al.,  2000).  Se ha 
establecido  que  los  cambios  en  HR  y  en  concentración  de  LA  en  pista  son  más 
pronunciados que los observados en un  treadmill sin inclinación, en caballos trotones 
Standardbreds (Persson, 1983; Couroucé  et al., 1999), en caballos de monta (Valette  et  
al.,  1992;  Barrey  et  al.,  1993a)  y  en  caballos  Warmblood holandenses  (Sloet  Van 
Oldruitenborgh-Oosterban y Barneveld, 1995). Estas investigaciones han establecido que 
diferentes factores, como la acción del jinete, la biomecánica locomotora, las condiciones 
ambientales  y  también  los  factores  psicógenos,  pueden  explicar  las  diferencias  entre 
treadmill y pista. De hecho, la HR y el LA sanguíneo, en respuesta a un test de ejercicio, 
disminuye en caballos acostumbrados al treadmill (King et al., 1995). 
Por tanto, para conseguir que la intensidad del esfuerzo llevado a cabo sea similar 
en treadmill y en pista, o bien se incrementa la velocidad o bien se aumenta la pendiente 
del treadmill. Sloet Van Oldruitenborgh-Oosterbaan y Barneveld (1995) demostraron que 
un incremento del 10% de la velocidad lleva a una respuesta cardiovascular y metabólica 
similar  a  la  encontrada  en  pista.  No  obstante,  también  encontraron  que,  cuando  el 
treadmill presentaba una inclinación del 2%, se obtenía una mejor correlación entre los 
datos de pista y treadmill, al mismo tiempo que disminuía el riesgo de lesión músculo-
esquelética (Sloet Van Oldruitenborgh-Oosterbaan y Barneveld, 1995). Couroucé  et al. 
(1999),  en caballos trotones  Standardbreds,  concluyeron  que una pendiente entre 2,5-
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3,5% es óptima para reproducir los valores de los índices de funcionalidad obtenidos en 
pista. Este dato coincide con el presentado previamente para otros tipos de caballos por 
otros autores (Persson, 1983; Thornton  et al., 1987; Valette  et al., 1992; Barrey  et al., 
1993a; Galloux et al., 1993). 
Partiendo de la base de que una pendiente de  treadmill del 3% reproduce una 
intensidad de ejercicio similar a la de una pista, en nuestro caso, hemos optado por usar 
una pendiente del 6%. El motivo es, incrementar la intensidad del ejercicio físico. Como 
se ha comentado antes, algunos propietarios prefieren realizar tests en campo al inicio del 
entrenamiento y tests en treadmill cuando el caballo tiene ya una forma física moderada a 
alta (posiblemente selección económica). Por ello, la utilización de una pendiente del 3% 
implicaría un número elevado de cargas de esfuerzo y una elongación del tiempo del test 
de ejercicio en caballos entrenados y con un buen estado de forma física. 
8.6.9.  CÁLCULO  DE  LOS  ÍNDICES  DE  FUNCIONALIDAD 
CARDIOVASCULAR EN EL TEST DE EJERCICIO
Uno  de  los  objetivos  de  un  test  de  ejercicio  es  el  cálculo  de  dos  índices  de 
funcionalidad cardiovascular, derivados de la relación lineal entre HR y velocidad. Son 
V150 y  V200,  velocidades  de  ejercicio  que  inducen  HRs  de  150  y  200  lat/min 
respectivamente (Persson, 1983; Muñoz  et al., 1997; 1998a,b; 1999; Kobayashi  et al., 
1999; Couroucé, 1999; Couroucé  et al., 2002; Leleu  et al., 2005; Vermeulen y Evans, 
2006;  Fraipont  et  al.,  2011;  2012).  La  importancia  fisiológica  de  estos  índices  en  la 
valoración de forma física, diagnóstico de pérdida de rendimiento y programación del 
entrenamiento se presenta en el estudio III, en los epígrafes 10.3.1.3.1. y 10.3.1.3.2. Otros 
autores, han calculado índices similares, V140, V160 y V180, velocidades de ejercicio a HRs 
de 140, 160 y 180 lat/min respectivamente (Erickson et al., 1991; Trilk et al., 2002; Boffi 
et al., 2011; Fraipont  et al., 2011; 2012). Couroucé-Malblanc et al. (2010) describieron 
que, durante un test de ejercicio, se debía alcanzar una HR de al menos, 170 lat/min, para 
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conseguir una buena linealidad y extrapolación hasta 200 lat/min en la recta de regresión 
lineal con la velocidad. 
En nuestra investigación, durante los tests de ejercicio en treadmill, solo 14 de los 
29  caballos  rebasó  una  HR de  200  lat/min.  No obstante,  el  número  de  caballos  que 
consiguió una HR superior a 170 lat/min fue de 26, lo cual representó un porcentaje del 
89,7% de los animales.  De este modo, la regresión entre HR y velocidad mostró una 
buena linealidad, como indicó el coeficiente de regresión R2 (0,946). En cuanto al test de 
ejercicio en campo, ningún caballo superó una HRa de 200 lat/min y solo 2 tuvieron HRs 
medias superiores a 170 lat/min. Esta circunstancia  hizo que la regresión entre HR y 
velocidad  tuviera  un  coeficiente  de  regresión  inferior  (R2=  0,919).  Esta  misma 
circunstancia ha sido descrita por Fraipoint  et al. (2012), quienes tampoco consiguieron 
superar  los  200 lat/min durante  un test  en campo para  caballos  de  raid.  Según estos 
autores, hubiera sido necesario adicionar una carga de esfuerzo más al test, pero debido a 
objeciones  de  los  propietarios  y  jinetes,  no  fue  posible  hacerlo.  En  nuestra  opinión, 
durante los tests en treadmill, debido al menor riesgo de lesión músculo-esquelética, tanto 
los investigadores como los propietarios, son menos reacios a aumentar la velocidad y 
hacer más cargas de esfuerzo que en pista. Este hecho, junto con la aplicación de una 
pendiente del 6% en treadmill, posiblemente sean explicaciones razonables para nuestros 
resultados. 
8.6.10. CÁLCULO DE LOS ÍNDICES DE FUNCIONALIDAD METABÓLICA EN 
EL TEST DE EJERCICIO
La  monitorización  de  la  concentración  de  LA  durante  un  test  de  ejercicio  es 
esencial para evaluar el estado físico de un caballo (Persson, 1983; Evans  et al., 1993; 
Castejón et al., 1994; Muñoz et al., 1997; 1998b; 1999; 2013; Davie y Evans, 2000; Trilk 
et al., 2002; Bitschnau  et al., 2010; Fraipont  et al.,  2011; 2012). En diversos estudios 
previos, la relación entre la acumulación de LA en sangre y la velocidad se ha descrito 
como un modelo exponencial (Wilson  et al., 1983; Foreman  et al., 1990; Guhl  et al., 
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1996). Sin embargo, también se ha descrito una función lineal (Kronfeld  et al., 1995), 
usando un modelo segmental (Custalow et al., 1993). Davie y Evans (2000), en caballos 
Pura Sangre  Inglés,  investigaron  esta  relación,  encontrando  que los  diversos  modelos 
matemáticos  (lineal,  exponencial  y  funciones  cuadráticas)  presentaban  coeficientes  de 
regresión  muy similares,  tanto  en  pistas  de  arena  como de  hierba.  El  mejor  modelo 
matemático fue el polinómico de segundo grado, si bien los autores matizaron que este 
modelo sólo  se  ajustaría  a  los  valores  de  LA descritos  en  su trabajo.  Además,  estos 
investigadores  indicaron  que  el  modelo matemático más  apropiado  posiblemente  esté 
supeditado a las características  del  animal,  de modo que el  nivel  de entrenamiento o 
desentrenamiento o el nivel de forma física intrínseca, influenciarían esta relación entre 
LA sanguíneo y velocidad (Davie y Evans, 2000). 
En nuestro estudio, hemos observado que los coeficientes de regresión fueron más 
elevados en los tests en treadmill (coeficientes de 0,759, 0,871 y 0,869 respectivamente 
para los modelos lineal, exponencial y polinómico) que en los tests de campo (0,461, 
0,679 y 0,641). Posiblemente, este resultado se deba a una menor homogeneidad de datos 
en los tests de campo, debido a una mayor diferencia de forma física en los caballos, a la 
mayor influencia del estrés en campo, a la mayor dificultad para mantener una velocidad 
constante y/o a las condiciones de la pista o ambientales. 
Nuestros datos coinciden con los resultados mostrados previamente por Davie y 
Evans  (2000)  en  caballos  Pura  Sangre  Inglés  en  tests  en  campo.  Parece  ser  que  la 
acumulación de LA en sangre en respuesta a un test de ejercicio, puede ajustarse tanto a 
un modelo exponencial como polinómico de segundo grado, al presentar en ambos casos 
coeficientes  de  regresión  muy  similares.  Sin  embargo,  debido  a  que  el  modelo 
exponencial  es  más  sencillo  y  es  el  usado  de  forma  rutinaria  en  los  softwares 
comercializados para el cálculo de los umbrales aerobio y anaerobio, consideramos que 
es más lógico usar este modelo matemático. 
Al igual que ocurrió para V200, algunos caballos (6 de 17) que hicieron tests de 
ejercicio en el campo no alcanzaron valores de LA post-ejercicio superiores a 4 mmol/l. 
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Por el contrario, todos los animales que fueron sometidos a un test en treadmill superaron 
esta  concentración.  Estos  datos  coinciden  con  los  ya  presentados  para  los  índices  de 
funcionalidad  cardiovascular,  concretamente  V200.  Volvemos  a  afirmar  que,  algunos 
caballos que hicieron el test en campo, hubieran necesitado un escalón de ejercicio más o 
incrementar la velocidad de los diferentes niveles de esfuerzo, si bien hay que considerar 
la practicabilidad de esta idea según la pista y terreno. 
En resumen, los principales hallazgos de este estudio han sido: 1) Los tests en 
campo mostraron mayor dificultad metodológica, especialmente fue más difícil establecer 
la  velocidad  de  la  carga  de  ejercicio  inicial;  2)  La  intensidad  de  esfuerzo  realizada, 
expresada en función de la respuesta de la HR y de la acumulación de LA en sangre, fue 
superior en los tests en treadmill que en campo; 3) La menor intensidad de ejercicio en 
los tests  en campo fue un condicionante de la menor linealidad de la regresión entre 
velocidad y HR y de los menores coeficientes de regresión del modelo exponencial entre 
velocidad y concentración de LA en sangre; 4) Muchos de los caballos que hicieron el 
test en campo hubieran necesitado un escalón adicional de ejercicio, si bien este hecho se 
vio limitado por las características de la pista. 
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8.7. CONCLUSIONS/CONCLUSIONES
Las principales conclusiones del estudio I son las siguientes: 
PRIMERA CONCLUSIÓN.  Los tests de ejercicio diseñados para caballos de 
resistencia  en  el  CEMEDE  permitieron  el  cálculo  de  los  principales  índices  de 
funcionalidad utilizados para valoración del estado de forma física y programación del 
entrenamiento, si bien los tests en campo presentaron más problemas metodológicos y de 
estandarización en comparación con los tests en treadmill. 
SEGUNDA  CONCLUSIÓN.  Los  coeficientes  de  regresión  entre  frecuencia 
cardíaca  y  velocidad  y  entre  concentración  de  lactato  en  sangre  y  velocidad  fueron 
inferiores en los tests de ejercicio en campo, en comparación con los obtenidos en los 
tests  en  treadmill,  lo  cual  refleja  una  mayor  homogenidad  de  las  respuestas 
cardiovascular y metabólica al ejercicio en treadmill. 
 TERCERA CONCLUSIÓN. El  número  de  caballos  que  alcanzó  frecuencia 
cardiacas superiores a 200 lat/min y concentraciones sanguíneas de lactato mayores a 4 
mmol/l fue superior en los tests de ejercicio en treadmill. Por este motivo, en los tests de 
ejercicio en campo, los índices de funcionalidad cardiovascular y metabólica tuvieron que 
ser extrapolados a partir de ecuaciones matemáticas. 
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8.8. RESUMEN
INTRODUCCIÓN. La valoración del estado de forma física es esencial para lograr el 
máximo  beneficio  de  un  programa  de  entrenamiento  y  para  reducir  el  riesgo  de 
sobreentrenamiento y lesiones. El método convencional para evaluar la forma física es el 
test de ejercicio, en el que se procede a la medición de parámetros fisiológicos, de los que 
se  obtienen  índices  de  funcionalidad,  para  su  aplicación  al  diseño  de  programas  de 
entrenamiento individuales. 
OBJETIVOS. 1)  Describir  tests  de  ejercicio  en  treadmill y  campo  para  caballos  de 
resistencia,  analizando cada uno de los  factores  que se deben diseñar  (calentamiento, 
número de cargas de esfuerzo, duración de cada carga, velocidad, tiempo de recuperación 
entre  cargas  y  enfriamiento);  2)  Comparar  nuestros  tests  con  otros  descritos  en  la 
literatura; 3) Evaluar de forma crítica, los beneficios e inconvenientes de nuestros tests; 
4) Analizar si los tests de ejercicio permiten la obtención de índices de funcionalidad. 
HIPÓTESIS A COMPROBAR. Que los tests de ejercicio que usamos en el Centro de 
Medicina Deportiva Equina (CEMEDE) para caballos de resistencia, son viables, y nos 
permiten calcular índices de funcionalidad cardiovasculares y metabólicos. 
MATERIAL Y MÉTODOS. Se han estudiado 46 caballos de resistencia, 29 hicieron un 
test en treadmill y 17, en pista. El test en  treadmill   estuvo precedido por un calentamiento 
(5 min al paso y 5 min al trote), con el treadmill sin inclinación, y siguió con cargas de 
esfuerzo de intensidad progresiva, empezando a 5 m/s e incrementando la velocidad en 1 
m/s cada 3 min hasta que el caballo fue incapaz de mantener la velocidad o se superaron 
concentraciones de lactato en sangre de 4 mmol/l. El test se realizó con una inclinación 
en el treadmill al 6%. El enfriamiento fue similar al calentamiento (5 min trote y 5 min 
paso, con treadmill sin inclinación). El test de campo consistió en un calentamiento (1000 
m al paso), seguido de cargas de esfuerzo, de 3 min de duración, iniciadas a 15 km/h, e 
incrementando  3  km/h  en  cada  carga.  El  enfriamiento  consistió  en  1000  m  al  paso. 
Durante el test, se procedió a monitorizar la frecuencia cardíaca y se tomaron muestras de 
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sangre en reposo y tras cada carga de esfuerzo para medir la concentración de lactato en 
sangre.
RESULTADOS.  Tests de ejercicio en treadmill. El número de cargas de esfuerzo que 
fueron capaces de realizar osciló entre 3 (3 caballos que llegaron hasta 8 m/s, durante 60 
s) hasta 6 cargas de esfuerzo (un caballo llegó a 10 m/s durante 60 s). La duración media 
de  ejercicio  (sin  considerar  calentamiento  y  enfriamiento)  fue  de  734,8±94,78  s, 
quedando comprendida entre  600 y 960 s (10 a 16 min).  Catorce de los 29 caballos 
mostraron  una  frecuencia  cardíaca  media  superior  a  200  lat/min.  El  coeficiente  de 
regresión entre la frecuencia cardíaca y la velocidad fue de 0,946. Todos los caballos 
mostraron  concentraciones  de  lactato  post-esfuerzo  superiores  a  4  mmol/l.  Los 
coeficientes  de regresión entre lactato  en sangre  y velocidad para los modelos lineal, 
exponencial y polinómico fueron 0,759, 0,871 y 0,869. Tests de ejercicio en campo. El 
número de cargas  de esfuerzo osciló  entre  3  (3  caballos;  velocidad:  6,7  m/s)  y  6  (1 
caballo,  velocidad:  8,3  m/s).  El  tiempo  de  ejercicio  medio  fue  de  810,0±113,8  s, 
quedando comprendido entre 720 y 1080 s (12 a 18 min). Ningún caballo alcanzó una 
frecuencia cardíaca media de 200 lat/min. El coeficiente de regresión entre la frecuencia 
cardíaca y la velocidad fue de 0,919. Sies de los 17 caballos no alcanzaron valores de 
lactato post-esfuerzo superior a 4 mmol/l. Los coeficientes de regresión entre lactato en 
sangre y velocidad para los modelos lineal, exponencial y polinómico fueron 0,461, 0,679 
y 0,641. 
CONCLUSIONES. 1) Los tests de ejercicio diseñados para caballos de raid permitieron 
la  obtención  de  índices  de  funcionalidad,  si  bien  la  estandarización  y  los  problemas 
metodológicos  fueron  más  marcados  en  los  tests  en  campo;  2)  Los  coeficientes  de 
regresión  entre  velocidad  y  frecuencia  cardíaca  y  entre  velocidad  y  lactato  fueron 
inferiores en los tests de campo; 3) Habría sido necesario incrementar la intensidad de los 
tests de ejercicio en campo (mayor velocidad o mayor número de cargas de esfuerzo). 
PALABRAS CLAVE. Caballos. Forma física. Frecuencia cardíaca. Lactato. Resistencia. 
Tests de ejercicio. 
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8.9. SUMMARY
BACKGROUND  .  Assessment  of  physical  fitness  is  pivotal  to  reach  the  maximum 
benefit from training programs, and to minimize the risk of overreaching, overtraining 
and  injuries.  The  conventional  method  to  evaluate  fitness  is  an  exercise  test,  when 
several physiological parameters are measured in order to obtain functional indices that 
will be applied to establish individual training protocols. 
OBJECTIVES.  1) To describe treadmill and field exercise tests for endurance horses 
and,  to  analyze  each  of  the factors  that  should be designed  (warming-up,  number of 
workloads,  duration,  velocity,  time  of  recovery  between  workloads,  warming-down 
period); 2) To compare our tests with others described in the literature; 3) To critically 
analyze the benefits and disadvantages of our tests and 4) To evaluate whether these tests 
allow the calculation of functional indices. 
HYPOTHESIS TO CHECK. We hypothesized that the treadmill and field exercise tests 
used in the Equine Sport Medicine Centre (CEMEDE) for endurance horses, are easy to 
perform, and they permit the calculation of cardiovascular and metabolic indices related 
to performance. 
MATERIAL AND METHODS. Forty-six endurance horses were studied, 29 performed 
a treadmill  exercise test  and 17, a field exercise test.  The  treadmill  exercise test was 
preceded  by  a  warming-up  of  5  min  at  walk  and  5  min  at  trot  with  the  treadmill 
uninclined. The test started at 5 m/s, with a slope of 6% and the velocity was increased by 
1 m/s every 3 min, until the horse was not longer able to keep the required velocity or a 
blood lactate concentration higher  than 4 mmol/l  was reached.  The test  ended with a 
warming-down period, 5 min at trot and 5 min at walk with the treadmill unclined. The 
field exercise test was preceded by a warming-up of 1000 m at walk, and it started with a 
workload of 15 km/h, of 3 min of duration, increasing the velocity by 3 km/h in each 
workload. The warming-down consisted in covering 1000 m at walk. During the tests, 
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heart  rate was continuously monitored and blood samples were withdrawn at rest  and 
after each workload in order to measure blood lactate concentrations. 
RESULTS  .  Treadmill exercise tests. The number of workloads that the horses were able 
to complete ranged between 3 (3 horses reached 8 m/s for 60 s) and 6 (a horse reached 10 
m/s for 60 s). The mean duration of exercise (excluding warming-up and warming-down 
periods) was 734.8±94.78 s, ranging between 600 and 960 s (10 and 16 min). Fourteen of 
the 29 horses did  not reach heart  rates  higher  than  200 beats/min.  The coefficient  of 
regression for the linear relationship between heart rate and velocity was 0.946. All the 
horses presented post-exercise blood lactate  concentrations  higher  than 4 mmol/l.  The 
coefficients  of  regression  between  blood  lactate  and  velocity  for  the  mathematical 
models, linear, exponential and polynomial, were 0.759, 0.871 and 0.869 respectively. 
Field exercise tests. The number of workloads ranged between 3 (3 horses; velocity: 6.7 
m/s) and 6 (1 horse; velocity: 8.3 m/s). The mean duration of exercise was 810.0±113.8 s, 
ranging between 720 and 1080 s (12 to 18 min). None of the horses reached a heart rate 
higher than 200 beats/min. The coefficient of regression between heart rate and velocity 
was 0.919. Six of the 17 horses did not reach post-exercise blood lactate concentrations 
higher than 4 mmol/l. The coefficients of regression between blood lactate concentrations 
and  velocity  were  0.461,  0.679  and  0.641  for  the  linear,  exponential  and  polynomic 
models. 
CONCLUSIONS  .  1)  The exercise  tests  designed  for  endurance  horses  permitted  the 
calculation  of  functional  indices,  even  though  standarization  and  methodological 
problems were more evident in the field exercise tests; 2) The regression's coefficients 
between velocity and heart rate and between velocity and blood lactate concentrations 
were lower in field exercise tests compared to treadmill exercise tests; 3) Intensity of the 
field exercise tests should have been increased (higher speed or additional workloads). 
KEY WORDS. Endurance. Exercise tests. Fitness. Heart rate. Horses. Lactate. 
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9. STUDY II.
Ergoespirometric Measurements 
during a Treadmill Exercise Test in 
the Endurance Horse
(Medidas ergoespirométricas durante un test de ejercicio en treadmill en 
caballos de resistencia)
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9.1. INTRODUCTION 
The superior athletic capacity of the horse is mainly attributable to its integrative 
capacity of aerobic and anaerobic metabolism. An important conditioning factor of this 
athletic  superiority  is  the high  maximal  aerobic  capacity,  determined  as  the  maximal 
oxygen uptake (VO2max). In horses, VO2max is more than twice than elite human athletes 
and  approximately  2.5  times  higher  than  a  similarly  sized  cattle  (Jones  et  al.,  1989; 
Schumacher  et  al.,  2005; Levine,  2008).  In  other mammalian species,  performance is 
limited by the cardiovascular or musculoskeletal systems, whereas in the athletic horse, is 
the respiratory system that appears to be limiting the performance. In fact, it has been 
demonstrated  that  all  horses  exercised  at  high  intensities  develop  hypoxemia  and 
hypercapnia (McDonough et al., 2002; Caillaud et al., 2002; Hopkins, 2005; Ramseyer et  
al., 2010). These conditions appear in all maximally exercised horses, although they are 
more  evident  in  horses  with  lower  respiratory  track  diseases  (Nyman  et  al., 1999; 
Sanchez et al., 2005; Franklin et al., 2012; Van Erck-Westergren et al., 2013). 
The  exceptionally  high  VO2max  is  made possible  by  a  large  maximum cardiac 
output  and  stroke  volume  and  high  hemoglobin  concentration  (Jones  et  al.,  1989). 
Further, horses have lungs with large gas exchange surfaces (Constantinopol et al., 1989). 
Horses also have structural adaptations to enhance blood oxygenation in the lungs, blood 
O2 transport capacity and ability to deliver O2 to the tissues. In part, these adaptations 
derive from the high capillary and mitochondrial density in skeletal muscle and by the 
splenic reservoir  of 4-12 l of  red blood cells  released into circulation at  the onset  of 
exercise (Persson, 1967; Fenger et al., 2000). In addition, the horse is also advantaged by 
high muscle glycogen stores (Derman and Noakes, 1994; Waller and Lindinger, 2010) 
that  provide  a  readily  available  pool  of  substrates  for  adenosine  triphosphate  (ATP) 
synthesis,  thereby  avoiding  limitations  to  performance  associated  with  inadequate 
substrate supply. 
Exercise  requires  the  co-ordinated  and  integrative  function  of  the  respiratory, 
cardiovascular, hematological and musculoskeletal systems in order to transport O2 and 
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substrates  to  the  active  locomotor  muscles  and  to  remove  metabolic  waste.  For  this 
reason, in the present study,  we will assess the ergoespirometric parameters during an 
exercise test in treadmill in endurance horses with different performance level. 
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9.2. OBJECTIVES AND HYPOTHESIS
Little is known about the ergoespirometric adaptations to exercise in endurance 
horses.  There are  only two reports,  the first  carried  out by Prince  et  al. (2002),  who 
compared  the  metabolic  and  respiratory  changes  during  an  exercise  test  between 
Thoroughbred and  Arabian  horses.  The  horses  were  subjected  to  two types  of  tests: 
incremental treadmill exercise test and single high-speed exercise test at 115% VO2max. 
Secondly,  Cottin  et  al. (2010)  reported  data of  respiratory  exchange  ratio (RER),  O2 
uptake (VO2) and running economy RE (VO2/speed) in endurance horses, measured at 
racing velocities in the field, using a portable device. 
Because  of  the  limited  knowledge  of  the  ergoespirometric  characteristics  of 
endurance horses, the second study was planned to order to get the following objectives: 
First  objective. To  analyze  the  changes  of  the  ergoespirometric  parameters 
during a treadmill exercise test in endurance-trained horses. 
Second  objective. To  evaluate  whether  significant  differences  exist  in  the 
ergoespirometric parameters when comparing endurance horses with different levels of 
training and performance. 
Third objective. To assess whether the endurance horses with good performance 
are  able  to  perform  longer  times  of  exercise  to  fatigue  and  to  elucidate  which 
ergoespirometric parameters are implied in the better performance. 
We hypothesized that the endurance horses with better performance level would 
have significantly higher values of VO2 at each velocity and the speed at which RER 
would present values higher than the unity would be higher. All of these hypothesized 
findings would be indicative of a higher aerobic consequence, and therefore, it was also 
hypothesized  that  endurance  horses  with  higher  performance  level  would  be  able  to 
perform longer time of exercise to fatigue. 
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9.3. LITERATURE REVIEW
Gas exchange is the main function of the respiratory system, which ensures the 
transport of O2 from the air into the blood and of CO2 in the reverse direction. Thus, the 
lung provides an important  means by which normal arterial  O2 and CO2 tensions and 
arterial  pH  are  maintained.  Additional  functions  of  the  respiratory  system  include 
metabolism of bioactive amines in the pulmonary circulation,  production of surfactant 
and maintenance of pulmonary defense mechanisms (Gillis and Pitt, 1982; Ryan, 1986). 
Furthermore,  the  lower  respiratory  airways  aid  in  thermolysis  during  exercise 
through evaporative heat losses. It has been estimated that approximately 25% of the heat 
load  generated  during  exercise,  mainly  during  low  intensity  exercise,  is  dissipated 
through the respiratory tract  (Hodgson  et al., 1993; Naylor  et  al., 1993; Bayly  et al., 
1987; 1995; Mostert et al., 1996; Wallsten et al., 2012).
9.3.1. OVERVIEW OF THE RESPIRATORY ADAPTATIONS TO EXERCISE IN 
THE HORSE
The main factors involved in gas exchange are ventilation (arrival of the air to the 
alveoli), perfusion (blood distribution in the lungs), ventilation-perfusion ratio (matching 
of air and blood distribution in the lung), diffusion (movements across air-blood barrier), 
gas transport (gases moved from lungs to the tissues), and mechanics of breathing and 
control of breathing (adjustments of the respiratory system to the metabolic demands). In 
this  part  of  the  review,  we  will  focus  mainly  on  the  adaptations  during  exercise 
experienced by the ventilation and its distribution, as well as by gas transport. For this 
reason, only a brief review will be presented for perfusion, ventilation/perfusion ratio and 
diffusion. 
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9.3.1.1. VENTILATION AND DISTRIBUTION OF VENTILATION
Ventilation can be evaluated by measuring the lung volumes. The volume of air 
inhaled or exhaled during a normal breath is termed the tidal volume (TV) (Gallivan et  
al., 1989; Padilla et al., 2004; Curtis et al., 2006). In resting conditions, healthy athletic 
horses have a TV of about 12 ml/kg of body weight (BW). Multiplying the TV by the 
respiratory frequency or rate (RR), gives the minute ventilation (VE). At rest, a horse 
with  a  RR  of  12-15  breaths/min  and  a  TV  of  nearly  6  l,  produces  a  total  VE  of 
approximately 72-80 l/min (Art and Lekeux, 1988; Art  et al., 1990; Curtis  et al., 2006; 
Castejón-Riber et al., 2012). 
The exceedingly high metabolic demands of exercise in the horse must be met by 
corresponding increases in the output of the respiratory system, and therefore, ventilation 
is affected by the intensity and the duration of exercise. As speed increases, TV and VE 
increases almost linearly, VE may achieve values near 1800 l/min during heavy exercise 
and they correlate with increases in inspiratory muscle activity (Art  et al., 1988; 1990; 
Art and Lekeux, 1998; Ainsworth  et al., 1996; Padilla  et al., 2004; Curtis  et al., 2005; 
Ramseyer  et  a  l.,  2010).  This  rise  can  be reached by changing TV, RR or  both and 
depends on the gait of the horse and on the characteristics of the exercise performed, i.e. 
duration and intensity. 
In trotting horses, the increase in VE is achieved by a simultaneous increase in TV 
and RR at  low exercise intensities and mainly by an increase in RR at high exercise 
intensities  (Art  and  Lekeux,  1998).  Values  as  high  as  133  breaths/min  have  been 
described  in  Standardbred trotter  horses  running  on  a  treadmill  (Dahl  et  al.,  1987). 
Further, TVs of about 12 l have been reported for horses trotting at 10 m/s with a RR of 
87 breaths/min (Gottlieb-Vedi et al., 1991). In galloping horses, RR is entrained or linked 
to  the  stride  frequency,  a  phenomenon  termed  locomotory-  respiratory  coupling 
(Attenburrow and Goss, 1994; Cotrel  et al., 2006). At trotting, this coupling is neither 
constant nor compulsory (Lafortuna et al., 1996; Cotrel et al., 2006), but when it occurs, 
it  seems  that  the  ‘abdominal  piston’  acts  in  synergy  with  the  respiratory  pump and 
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probably reducing the cost of breathing (Butler  et al., 1993b). RR is not linked to the 
stride frequency during walking (Lafortuna et al., 1996). When the horse is galloping, the 
increase in VE with increasing speed is due mainly to the increase TV rather than RR. 
TVs between 12 and 15 l have been reported in galloping horses (Hörnicke et al., 1987). 
At comparable metabolic workloads, trotters exhibit a slower RR and a slightly greater 
TV than Thoroughbred horses (Art and Lekeux, 1995; Gauvreau et al., 1995). 
Recently we carried out a comparative study in untrained Andalusian and Arabian 
horses, considering different physiological parameters indicative of the ventilation. It was 
found that, in Andalusian horses running on a treadmill at speeds between 5 and 8 m/s, 
TVs ranged from 12.54 to 15.56 l, with RRs of 97.77 to 110.3 breaths/min and reaching 
VEs comprised between 1279 and 1724 l. In  the Arabian horses,  the following mean 
range of values was obtained: TV, 9.160-11.49 l, RR 99.13-117.0 breaths/min and VE, 
902.7-1350 l (Castejón-Riber et al., 2012). 
Limited  information  exists  concerning  ventilation  of  endurance  horses  during 
exercise  testing.  A  recent  study  reported  the  ventilatory  characteristics  of  Arabian 
endurance  horses  during  exercises  with  the  same  velocities  than  those  used  in 
competition. Thus, at trotting velocities of 12 km/h, these horses presented mean RRs of 
67.6 breaths/min, TV of 9.5 l and VE of 584 l. When the speed increases to 45 km/h, the 
three  parameters  achieved  mean  values  of  135.7  breaths/min,  13.2  l  and  1794.7  l 
respectively (Cottin et al., 2010). 
After breathing, only a part of the inspired volume of air reaches the area of the 
lung where gas exchange happens. It is the alveolar ventilation. The remaining part of the 
VE is wasted in the regions of the lungs where no gas exchange occurs. This last one is 
the called  physiologic dead ventilation. It  includes the conducting airways of anatomic 
dead space and the alveoli that are ventilated but nor perfused or alveolar dead space.
Exercise-induced changes in alveolar ventilation and dead space to TV ratio in 
horses have been analyzed and depend on the type of exercise performed (Wagner et al., 
1989).  During  mild  to  moderate  intensity  exercise,  the  dead  space  volume  does  not 
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change  significantly  (Pelletier  et  al.,  1987).  As  a  consequence,  the  rise  in  TV  will 
increase the alveolar ventilation and decrease the dead space to TV ratio. If the exercise is 
prolonged at a constant rate, the dead space ventilation will increase by a simultaneous 
increase in RR and in the dead space to TV ratio (Pelletier et al., 1987; Rose and Evans, 
1987).  This  adaptation  is  considered  a  reflex  of  the  themoregulatory  role  of  the 
respiratory system. During intense exercise, the physiologic dead space is reduced from 
3.5 l at rest to 2.5 l during heavy exercise. Because the anatomical dead space averages 
2.5 l at rest and is expected to remain unchanged during exercise, the exercise-induced 
difference in the dead space (1 l) is attributable to the disappearance of the alveolar dead 
space (i.e.  alveoli  that  are ventilated but not  perfused)  induced by the recruitment  of 
previously non-functional pulmonary capillaries (Pollman and Hörnicke, 1987). 
It  has been confirmed that the distribution of ventilation is not uniform in the 
equine lung, even in healthy horses. Two main reasons have been proposed to explain 
this characteristic of the horses. The main reason is that the intrapleural pressure changes 
are  not  uniform all  over the  thoracic  cage.  That  means  that,  because  of  gravitational 
effects,  pressure  is  more  negative  in  the  dorsal  than  in  the  ventral  part  of  the  lung 
(Derksen  and  Robinson,  1980;  Jones  et  al.,  2002;  Franklin  et  al.,  2002).  As  a 
consequence, the dorsal alveoli are more distended, less compliant, and receive less air 
during inspiration (Jones et al., 2002). 
A second suggested reason is the existence of some inequalities in the regional 
small airways resistance and/or alveoli compliance. The inhaled air enters preferentially 
the  areas  of  the  lungs  with  low resistive  airways  and  highly  compliant  alveoli.  This 
ventilatory asynchronism is moderate  in healthy horses  and does  not have significant 
consequences  on gas  exchange  at  low RRs.  However,  the  asynchronism increases  in 
(sub)clinical  diseases  (i.e.  small  airways  disease)  and  with  high  RR,  impairing  gas 
exchange and therefore, resulting in poor performance (Jackson et al., 1997; Nyman et  
al., 1999; Funkquist  et al., 2002). Fortunately, the equine lung has some procedures to 
limit  the  ventilatory  asynchronism,  such  as  interdependence  between  adjacent  lung 
regions and collateral ventilation between these adjacent lung areas.
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9.3.1.2. PERFUSION 
The  distribution  of  blood  flow  throughout  the  lung  depends  on  the  pressure 
difference  between  the  pulmonary  artery  and  the  pulmonary  vein  and  the  vascular 
resistance,  influenced  by gravitational  forces  (Manohar,  1990;  Birks  et  al.,  1994).  A 
marked pulmonary hypertension is a feature of exertion in horses (Magid  et al., 2000; 
Teeter  et  al.,  2010).  There  have  been  described  several  factors  that  influence  the 
pulmonary vascular resistance in exercising horses. These factors could be extravascular 
(changes  in  lung  volume,  increase  in  blood  viscosity)  and  intravascular  (release  of 
vasoactive compounds and changes  in the local  composition of blood) (Manohar and 
Goetz, 1999; 2005; Manohar et al., 2001). In addition, pulmonary perfusion distribution 
has been demonstrated to depend on gravitational factors, humoral and neural factors and 
degree of hypoxic vasoconstriction (Amis et al., 1984; Bray and Anderson, 1991). 
9.3.1.3. VENTILATION/PERFUSION RATIO
Gas exchange also is dependent on the optimization of the ventilation/perfusion 
ratio, with an efficient gas exchange in the lung regions with a ratio between 0.8 and 1. 
Most  of  the  lung  regions  have  a  ratio  of  0.8,  even  though  there  are  some  regions 
excessively perfused (ratio <0.8) or ventilated (ratio >0.8).  In resting horses, the ratio 
seems to be uniform from the top to the bottom of the lung (Amis et al., 1984). In heavily 
exercised  horses,  there  is  only  a  slight  mismatch  of  ventilation  and  perfusion  that 
accounts  for  25%  of  the  increase  in  the  alveolar-arterial  pressure  difference  in  O2 
(Wagner  et al., 1989). In horses with  a small airways disease, the ventilation/perfusion 
mismatching is enhanced (Funkquist et al., 2002; Harmegnies et al., 2002). 
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9.3.1.4. DIFFUSION
Alveolar diffusion, i.e. the process whereby O2 passes from alveoli to capillary 
blood and CO2 passes in the reverse direction, depends on the pressure gradient of gases 
between alveoli and capillary and the surface area available (Wagner et al., 1989). At rest 
and during exercise of moderate intensity, no diffusion limitations have been measured in 
horses. However, exercise carried out at intensities higher than 60-80% of VO2max, leads 
to  arterial  hypoxemia  and  hemoglobin  desaturation  in  horses  (Wagner  et  al.,  1989; 
Caillaud et al., 2002; McDonough et al., 2002; Manohar et al., 2006). 
9.3.1.5. GAS DIFFUSION
Most  of  the  competitions  performed  by  the  horses  are  highly  dependent  on 
aerobic metabolism (Derman and Noakes, 1994). Therefore, O2 molecules enter the body 
and  pass  through  each  of  the  consecutive  steps  of  the  O2 transport  chain,  i.e.  lung 
ventilation, pulmonary diffusion, circulation and O2 transport in blood, peripheral tissue 
diffusion  and  uptake  and use of  the O2 by the  muscle  fibres.  These  steps  should be 
exactly matched to the rate at which they are consumed by oxidative phosphorylation in 
the mitochondria. 
The measurement of the rate of the whole body aerobic metabolism, or O2 uptake 
(VO2) is considered a direct measure of the rate at which the pulmonary gas exchange is 
acting to meet the demands of the body.  VO2 is measured by applying a mask to the 
horse’s nose or face and measuring respiratory gas flow and the concentrations of O2 and 
CO2 in  the  exhaled  respiratory  gas.  In  a  resting  horse  VO2 is  approximately  3-5 
ml/kg/min or 1-2.5 l/min for a horse of 500 kg (Kearns et al., 2002; McDonough et al., 
2002; Padilla  et al.,  2004; Curtis  et al.,  2005; Castejón-Riber  et al.,  2012). However, 
measurement of resting VO2 is often complicated by excitement or the anticipation of 
exercise. 
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9.3.2. OXYGEN UPTAKE
The measurement of VO2 is a key component in research and clinics in sports 
sciences. It is used to assess cardiovascular function, predict aerobic capacity and follow 
training-associated improvements in fitness (McArdle  et al., 1991; Kearns  et al., 2002; 
McDonough et al., 2002; Young et al., 2002; Padilla et al., 2004; Curtis et al., 2005; Art 
et al., 2006; Evans, 2007; Cottin et al., 2010; Castejón-Riber et al., 2012; Franklin et al., 
2012;  Van  Erck-Westergren  et  al.,  2013).  Further,  it  allows  calculation  of  energy 
expenditure  at  any  specific  workload  or  running  speed  and  gives  an  idea  of  an 
individual’s efficiency or ‘economy of movement’ (Gauvreau et al., 1996; Pearson et al., 
1998; Devienne and Guezennec, 2000; Prince  et al., 2002; Jones  et al., 2006; Cottin  et  
al., 2010). 
During exercise, when the demand for O2 is set in the peripheral tissues (i.e. in 
exercising muscles), gas exchange rates must adjust proportionally, in order to supply O2 
to the active muscles. Both in humans and horses, there is a linear relationship between 
VO2 and speed during submaximal intensities of exercise, when aerobic energy supply 
can meet energy demand. In horses, the linear relationship between VO2 and speed has 
been adjusted to the following expression: 
VO2 (ml/kg/min) = 8.24 x speed (m/s) – 4.08 (with a r coefficient of 0.940), for horses 
exercising on a horizontal  treadmill  at  speeds from 1 to 12 m/s,  where  gait  was not 
restricted (Evans and Rose, 1988; Rose et al., 1990). 
It has been demonstrated that exercise-associated increases in VO2 are mediated 
by increases in both O2 delivery to the tissues (dependent on increase in cardiac output 
and hemoglobin concentration after splenic contraction) and tissue extraction, which is 
dependent on oxyhemoglobin dissociation curve (Landgren  et al., 1988; Wagner  et al., 
1995; Fenger et al., 2000). If exercise proceeds after VO2max is reached, VO2 and VE will 
decrease, LA will accumulate due to anaerobic metabolism and the horse will eventually 
become fatigued (Evans and Rose, 1987). 
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VO2 values during exercise depend on the load, slope in case of using a treadmill, 
intensity and duration of exercise, level of training and breed of the horse. Pagan and 
Hintz  (1986) demonstrated that  while  the amount of  energy expended by horses  was 
related to treadmill speed during an exercise, it also was proportional to the BW of the 
horse (plus rider or load). In fact, in exercising horses at a speed of 7.2 m/s, it has been 
proven that VO2 increased from 24.4 to 28.0 l/min and this increase was mainly achieved 
by an increase in the ventilation (Pagan and Hintz, 1986). Secondly,  the effect  of the 
treadmill slope will play an important role in determining energy expenditure in athletic 
horses and therefore, VO2. Thus, in horses trotting with a mean speed of 5.2 m/s on a 
treadmill,  VO2 increased  by  13.4  l/min  (76%)  when  the  slope  of  the  treadmill  was 
increased from 0 to 6.25% (Eaton et al., 1995). This increase was achieved by an increase 
in both O2 extraction and ventilation, primarily due to an increase in TV (Eaton  et al., 
1995). 
The  duration  of  exercise  is  other  factor  to  take  into  account.  In  a  study  of 
submaximal exercise, where horses were exercised on a 2% incline at 3 m/s for 90 min, 
VO2 did not experience any significant change between 5 and 75 min of exercise, with 
only a slight increase occurring after 75 min of exercise (Rose and Evans, 1986). Another 
experiment (Thomas and Fregin, 1990) where the initial treadmill exercise was set to give 
a  heart rate (HR) of 150  beats/min demonstrated significant changes during 30 min of 
exercise. There were increases of VO2 of 15%. This response was attributed to the fact 
that the horses were not completely successful in thermoregulating during the prolonged 
exercise,  as  rectal  temperature  continued  to  raise  throughout  the  study (Thomas  and 
Fregin, 1990). More recently, Bayly et al. (1995) examined airway mechanics in 5 horses 
exercising on a treadmill at 40%VO2max for 60 min or until fatigued. An increase in VE 
was  found  during  exercise  in  association  with  a  rise  in  pulmonary  arterial  blood 
temperature. Therefore, the authors concluded that the equine respiratory system has a 
pivotal thermoregulatory role and intermittent tachypnea appeared in relation to rises in 
core temperature (Bayly et al., 1995). 
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The scientific studies carried out on VO2 in endurance horses are very limited. 
Prince  et  al. (2002) compared the responses  to prolonged  moderate exercise  between 
Arabian  and  Thoroughbred horses.  VO2max reached  values  of  129±2.5  and  154±3 
ml/kg/min for both breeds respectively. Arabian horses showed a lower RER and higher 
plasmatic  concentration  of  free  fatty  acids  than  Thoroughbred horses.  These  data 
indicated that Arabian horses could preferentially use lipids as energetic substrates and 
have a better adaptation to endurance exercise than Thoroughbred horses (Prince et al., 
2002). More recently, Cottin  et al. (2010) have presented data relative to VO2 and gait 
variables  in  Arabian  endurance  horses  measured  during  a  field  exercise  test,  using  a 
portable respiratory gas analyzer. The major finding of this study was that the Arabian 
horses  compete  endurance  races  with  an  RER  lesser  than  1,  which  confirmed  the 
hypothesis that energetic metabolism is mainly aerobic,  with a marked a marked lipid 
oxidation during most of the duration of the race. In the table 1, we exposed the data 
reported by Cottin et al. (2010) in their study. 
Table 1. Mean values of velocity,  VO2,  VCO2  and RER in Arabian 
endurance  horses  during  a  field  exercise  test  (Values  taken  from 
Cottin et al., 2010). 
Velocity 
(km/h)
VO2 
(ml/min/Kg)
VCO2 
(ml/min/Kg)
RER
12.8±0.5 28.2±3.3 25.4±4.2 0.90±0.1
15.3±0.5 35.9±5.5 35.0±7.3 0.97±0.1
18.8±0.5 42.0±8.8 40.2±7.8 0.97±0.1
25.0±1.4 50.2±3.2 49.6±8.7 0.99±0.1
33.6±0.5 60.2±5.3 62.8±9.2 1.07±0.22
9.3.3. MAXIMUM OXYGEN UPTAKE 
Maximum oxygen uptake (VO2max) expresses the highest rate of O2 consumption 
during exercise.  The value is a product of maximal cardiac output and the maximum 
extraction of O2 by the tissues. VO2max,  in each horse,  depends on the capacity of the 
respiratory, cardiac and hematological systems, as well as the rate of extraction and use 
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of O2 by the exercising muscles (Kearns  et al., 2002; Young et al., 2002; Evans, 2007; 
Franklin et al., 2012).
VO2 increases linearly as exercise speed increases, but it does not increase above 
140 ml/min/kg. At maximal speed, a further increase does not result in a proportional 
increase  in  VO2.  The  highest  rates  of  VO2 measured  in  this  plateau  are  referred  to 
maximum oxygen uptake (VO2max). VO2max is defined as the maximal amount of O2 used 
by the athlete  during maximal exercise to exhaustion.  Furthermore,  VO2max represents 
ideally the aerobic limit to performance and it is usually expressed as ml O2/min/kg of 
BW (Evans, 2007). It is generally assumed that VO2max represents the athlete’s capacity 
for the aerobic resynthesis of high-energy phosphate compounds, it provides therefore a 
quantitative statement of an individual’s capacity for aerobic energy transfer and is an 
index of maximal aerobic power (Katz et al., 2000; Padilla et al., 2004; Franklin et al., 
2012). 
VO2max for an individual is determined by body size and blood volume (Kearns et  
al., 2002). Ideally, it should be expressed relative to lean body mass because the value 
depends on fat free mass (Kearns et al., 2002; Evans, 2007). However this is not usually 
presented in the horse’s literature. Significant differences exist in VO2max between breeds; 
in horses reported maximal rates have varied from 80-200 ml/min/kg (Evans, 2007). In 
main lines,  Thoroughbred horses have higher  VO2max than other  breeds  and therefore, 
their aerobic capacity is also higher than other breeds (Betros et al., 2002; Prince et al., 
2002; Castejón-Riber et al., 2012). The average VO2max during exercise has been reported 
to be 138 ml/kg/min for Standardbreds (Gauvreau et al., 1995; Tyler et al., 1996; Betros 
et al., 2002) and 142 ml/kg/min for Thoroughbreds, with values as high as 190 ml/kg/min 
for individual horses (Hinchcliff et al., 2002; Prince et al. 2002; Evans, 2007; Franklin et  
al.,  2012). Mean values of 129±2.5 ml/kg/min have been reported for Arabian horses 
(Prince et al., 2002). 
In humans, there is a trend for the best athletes to have the highest VO2max values. 
This  fact  has  been  demonstrated  for  many  sports,  such  as  triathlon  (Sleivert  and 
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Rowlands, 1996), marathon and ultra-marathon (Noakes et al., 1990; Platta and Horswill, 
2014), rowering (Ingham et al., 2002), middle-distance swimming (Ribeiro et al., 1990), 
cyclism (Hawley and Noakes, 1992), and sky (Ingjer, 1991; Carlsson et al., 2013), within 
other human sports (Lorenz et al., 2013; Sloth et al., 2013). However, although VO2max is 
a predictor of performance, it cannot be used to predict performance within homogenous 
groups of elite performers, even though significant differences have been detected when 
comparing elite with sub-elite athletes (Billat et al., 1994; Sleivert and Rowlands, 1996). 
On the other hand, athletes with similar athletic abilities may have quite different VO2max 
values (Noakes et al., 1990). 
Similarly, VO2max appears to correlate to athletic performance in horses (Harkins 
et al., 1993; Gauvreau et al., 1995; Franklin et al., 2012), although a high VO2max does not 
guarantee excellent performance (Gauvreau et al., 1995; Evans, 2007). It is plausible to 
think that because of the rapid kinetic of VO2 (Evans and Rose, 1988; Rose et al., 1990), 
a high VO2max would seem likely to be advantageous for most athletic horses. Harkins et  
al. (1993) demonstrated a negative correlation between VO2max and the time taken for 
horses  to  run  distances  ranging  from  1200  to  2000  m.  There  have  been  anecdotal 
evidences of a relationship between VO2max and racing performance in horses, although 
this is yet to be proven. On the other hand, heart size seems to be a determinant of high 
values of VO2max in Thoroughbred horses, even though, the study carried out by Young et  
al. (2002) did not provide evidence that either of these measurements can predict racing 
success in  Thoroughbreds. Interestingly,  the horses with the highest VO2max of this last 
study were rated in the top 5% of the racing population at  the peak of their careers, 
winning very prestigious races (Young et al., 2002). 
One factor to consider when interpreting VO2max is the level of training. It has been 
confirmed  that  VO2max in  horses  can  increase  by up  to  25% in  response  to  training. 
Reported increases in VO2max have ranged from 10% (Knight  et al., 1991) to 23 (Evans 
and Rose, 1988), with a peak of 25% (Art and Lekeux, 1993) and 29 % (Tyler  et al., 
1996). These increases have been shown to occur rapidly (Knight et al., 1991; Eaton et  
al., 1999; Gerard et al., 2002). 
152
Field and treadmill exercise tests in endurance horses
9.3.4.  CARBON  DIOXIDE  PRODUCTION  AND  RESPIRATORY  EXCHANGE 
RATIO
CO2 production (VCO2) increases linearly as the intensity of exercise increases in 
a  similar  fashion  to  VO2.  Respiratory  exchange  ratio  or  VCO2/VO2 (RER)  which  is 
calculated  as  the ratio of  CO2 production to O2 uptake,  provides an indication of  the 
relative proportions of the metabolic sources that are used at a specific exercise intensity. 
This  information  allows  for  calculation  of  the  dietary  requirements  of  animals  with 
different levels of physical activity. The application of RER is based on the assumption 
that the exchange of O2 and CO2 measured at the lungs reflects the actual gas exchange 
from nutrient catabolism in the cell. Thus, when the RER is at or near 1.0, carbohydrate is 
the main source of substrate for energy production. Conversely, RER values approaching 
0.71 imply that almost all energy is being derived from lipid sources (Gauvreau  et al., 
1995; 1996; Dunnett  et al., 2002; Pagan  et al., 2002; Prince  et al., 2002; Cottin  et al., 
2010). 
At higher exercise intensities, VCO2 increases more rapidly than VO2, resulting in 
an increase in RER. At intensities approaching VO2max values, RER exceed 1.0 and at 
VO2max,  RER  values  are  usually  around  1.2-1.3,  because  of  buffering  of  LA  by 
bicarbonate, as LA moves from exercising muscles into the blood (Prince et al., 2002; Art 
et al., 2006; Cottin et al., 2010; Castejón-Riber et al., 2012). 
It  has been indicated that horses with higher aerobic capacity may rely less on 
glycolytically  derived  energy,  and  therefore  will  achieve  lower  RER  and  blood  LA 
concentrations at the same absolute work intensity than do less fit horses (Gauvreau  et  
al., 1995; 1996; Prince  et al., 2002; Cottin  et al., 2010). Moreover,  the calculation of 
RER appears to have a low variability and good reproducibility in horses (Gauvreau  et  
al.,  1995;  1996).  During  incremental  exercise,  RER  rises  in  a  similar  fashion  in 
Standardbreds (Evans and Rose, 1988) and Thoroughbreds (Thomas et al., 1983; Evans 
and  Rose,  1988;  Seeherman  and  Morris,  1990;  Morris  and  Seeherman,  1991).  The 
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significantly different RER values found between horses at absolute workloads probably 
are the reflection of the fact that a given workload (i.e. treadmill speed) constituted a 
different level of difficulty for each horse.  Furthermore, training has been demonstrated 
to significantly decrease RER at a given workload (Thomas et al., 1983; Evans and Rose, 
1988; Seeherman and Morris, 1991). 
The  relationship  between  blood  LA  concentrations  and  RER  has  been  also 
analyzed in horses, demonstrating a positive correlation between both parameters as a 
function of work intensity (Seeherman and Morris, 1991; Gauvreau et al., 1996). The rate 
of CO2 generated from the combination of H+ with HCO3-, however, depends on the rate 
of LA increases rather than on the absolute value of LA (Wasserman et al., 1986). As the 
rate of CO2 generation increases, greater ventilation is required to offload CO2 at the lung, 
which subsequently drives up the VCO2 and increases the RER. Since VCO2 depends on 
the rate  of  LA increase,  and RER is proportional  to  VCO2,  it  may be more valid  to 
establish a relationship between RER and the rate of LA increase rather than RER and 
circulating LA concentrations (Loat and Rhodes, 1993). 
9.3.5. VENTILATORY EQUIVALENTS OF OXYGEN AND CARBON DIOXIDE
Ventilatory equivalent for O2 (EqO2, VE/VO2) is a physiological parameter that 
reveals the efficiency of gas exchange and it indicates how many liters of air should be 
ventilated in order to uptake a liter of O2. Therefore, low values are associated with a 
more efficient  O2 uptake and transport  (López  Chicharro  et  al.,  1995).  In  main lines, 
EqO2  values lower than 20 l are associated with an adequate ventilatory efficiency in 
horses. In elite human athletes, however, it is uncommon to find values lower than 25 l. 
Further, an inverse correlation has been described between level of training and EqO2 in 
humans and in horses (Schneider and Pollack, 1991; Miyachi and Shibayama, 1992; Art 
and Lekeux, 1993; Hue  et al., 2010). Physical improvement associated with training is 
linked to a decrease in EqO2   (Fringer and Stull,  1982; López Chicharro  et al. 1995). 
Thus, Art and Lekeux (1993) described a reduction of EqO2  from 32.4±1.9 l/l to 24.9±0.6 
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l/l after 9 weeks of training. The decrease in the ventilatory equivalent means that trained 
horses are able to breathe less air than do untrained horses to ensure O2 uptake in the 
exercising muscles. 
In  relation  to  the  exercise,  significant  increases  in  EqO2   have  been  found in 
human beings (Davis et al., 1979; Caiozzo et al., 1982; Ribeiro et al., 1986). However, 
this  parameter  does  not  rise  across  the  spectrum  of  achievable  metabolic  rates  in 
galloping  horses  (Wagner  et  al.,  1989;  Art  et  al.,  1990).  This  may  be  due  to  the 
compulsory coupling of ventilatory and stride frequency (McDonough  et al., 2002). In 
trotter horses, a decrease of EqO2  was reported during exercise, from resting mean values 
of 35.8±2.6 l/l to 20.5±1.4 l/l at 7 m/s. From this speed on, the mean values of EqO2 
remained unchanged up to a speed of 10 m/s, with a later increase to mean values of 
63.8±9.1 l/l during the recuperation (Art et al., 1995). 
The ventilatory equivalent for CO2 (EqCO2, VE/VCO2) has been used to calculate 
the ventilatory threshold both in humans (Davies et al., 1980; Powers et al., 1984; Beaver 
et  al.,  1986;  Wasserman,  1986;  Cheng  et  al.,  1992).  Wasserman  (1984)  defined  the 
anaerobic  threshold  as  the  level  of  work  or  VO2 just  below that  at  which  metabolic 
acidosis  and  the  associated  changes  in  gas  exchange  occur.  Therefore,  the  aerobic 
resynthesis  of  energy  is  supplemented  by  anaerobic  pathways.  According  to  this 
hypothesis, there is a metabolic moment at which a state with an O2 demand by active 
muscles greater than O2 supply to mitochondria. This imbalance leads to an activation of 
the  anaerobic  pathways,  with  increased  conversion  of  pyruvate  to  LA  in  the  cells. 
Because of its low pK, the lactic acid is dissociated, leading to significant increases in H+. 
The  increase  in  protons  will  be  immediately  buffered  by  the  bicarbonate  buffering 
system,  producing  non-metabolic  or  excess  CO2 and  water  (Wasserman  et  al.,  1986; 
Anderson and Rhodes, 1989). This production of CO2 is added to the CO2 produced by 
the  aerobic  metabolism,  leading  to  a  rise  of  VCO2  which  is  not  proportional  to  the 
increase in VO2. These facts will be reflected in the ventilation, with a disproportional 
increase  of  VE  in  comparison  to  VO2.  For  these  reasons,  EqCO2  has  been  used  to 
determine non-invasively the ventilatory threshold. In summary, during an incremental 
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exercise test an increase in EqCO2  without an increase in EqO2  is the most adequate 
method to establish the ventilatory threshold (Hoogeveen and Hoogsteen, 1999; Amann 
et al., 2004; Antoine-Jonville et al., 2012). 
9.3.6. RUNNING ECONOMY
Running economy (RE),  calculated as the ratio VO2/velocity,  is defined as the 
amount of O2 consumed (ml/kg BW/min) per distance covered,( ml/kg/km). The horses 
which are able to consume less O2 while running at a given velocity are said to have a 
better RE. This parameter has been studied in human marathon runners (Billat  et al., 
2001;  Joumaa,  2011;  Mojock  et  al.,  2011),  triathletes  (Bonacci  et  al.,  2011),  soccer 
players (Ziogas et al., 2011), within other human sports. It has been found that top class 
marathon runners have a better RE compared to high level marathon runners (Billat et al., 
2001; Platta and Horswill, 2014; Shaw et al., 2014). 
Little  is known on the RE in endurance horses. Recently,  Cottin  et al. (2010), 
studying  endurance  horses  in  field  conditions,  associated  the efficient  RE of  Arabian 
horses with a RER lower than 1, indicating that aerobic metabolism using lipid oxidation 
is an important energetic pathway to produce ATP for muscular contraction in successful 
endurance horses. Additionally,  the smaller withers'  height and BW of Arabian horses 
represented a  body surface/mass  ratio  that  would favors  muscular  caloric  loss  during 
endurance exercise. According to the results of Cottin et al. (2010), these characteristics 
could explain why endurance horses can gallop at 18 km/h very efficiently for very long 
distances. To the authors’ knowledge, the differences in RE between endurance horses 
with different training levels and sport performance have not been yet analyzed. 
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9.4. MATERIAL AND METHODS
9.4.1. HORSES
Twenty-nine endurance horses, with different fitness level, were submitted to the 
Equine Sport Medicine Centre (CEMEDE) of the School of Veterinary Medicine of the 
University of Cordoba, in order to be subjected to an ergoespirometric test for fitness 
assessment. All of them were trained for endurance events, although the time that were in 
training varied. Mean age was 7.696±2.432 years  (range of age: 4-11 years),  18 were 
mares,  9 geldings  and 2 stallions.  In  relation to the breed,  16 were Arabians,  6 were 
Anglo-Arabians and 7 were cross-Arabians. 
The 29 horses were classified into two groups based on the trainer’s opinion of 
performance during the six months preceding the tests. The group GP (good performers; 
n=19) included fit and well-performing horses referred for routine athletic follow-up. The 
other horses had low physical fitness or performance (group LP, low performers; n=10), 
because they were not in active training at the moment or they were submitted because 
they were not performing as expected, according to their trainer or owners. Horses with 
diseases limiting performance were excluded from the research. The mean age, sex, body 
weight and breed for both groups are presented in the table 2. 
Table 2. Weight, age, sex and breed of the endurance horses studied, divided into two 
groups  of  performance  (GP,  good  performance;  LP,  low performance).  *  Significant  
differences between groups at P<0.05.
Performance group GP (n=19) LP (n=10)
Weight (Kg) 399.8±56.46 374.0±23.09*
Age (year) 8.325±2.202 7.690±2.758*
Sex 12 mares, 6 geldings, 1 stallion 6 mares, 3 geldings, 1 stallion
Breed 8 Arabians, 6 Anglo-Arabians, 
5 cross-bred Arabians
8 Arabians, 2 Angloarabians
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After being received in the CEMEDE, the horses were acclimatized to their new 
housing, feeding and management practices for several days. 
9.4.2.  ACLIMATIZATION  TO  THE  TREADMILL  AND  TO  THE 
RESPIRATORY MASK
During  the  first  week  in  the  CEMEDE,  the  animals  were  accustomed  to  the 
treadmill and to the respiratory mask, in order to minimize the effect of the stress on the 
response  to  the  exercise  test.  Those  horses  that  had  been  before  in  the  Centre,  the 
acclimation period was shortened to one to two days, according to the behaviour of each 
horse. 
In main lines, the acclimatization to the treadmill consisted in 5 min at walk (1.4-
1.7 m/s), 10 min at trot (3.4 m/s), 2 min at gallop (7 m/s), 10 min at trot (3.4 m/s) and 5 
min at walk (1.6 m/s) in a flat treadmill, with changes of velocity. This protocol varied 
according to the behavior of each horse. These exercises were carried out 3-5 days/week 
for 1 week. Most of the horses were acclimatized and felt comfortable after 2-3 days of 
work. 
The  first  2  days,  the  horses  performed  the  treadmill  exercises  without  the 
respiratory mask. During these 2 days,  the horses carried the mask when they were at 
rest, in the box. The third day after the reception in the Centre, they started the exercise 
treadmill with the mask. The third day the horses had two exercise sessions. In the first 
session,  carried out in the morning,  the horses  walked and trotted in the treadmill  at 
different  velocities,  increasing or reducing the speed according to the behavior  of the 
horse. In the second session of the third day, carried out in the evening, the horses started 
galloping with the mask. The acclimatization procedure the 4th and 5th days were similar 
to the 1st and 2nd days, although the horses carried out the mask. 
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The acclimatization period finished when the horses were able to change easily 
the gait, they were not nervous during the exercise with the mask and the HR was stable 
during the first phases of the treadmill exercise. 
9.4.3. DESCRIPTION OF THE TREADMILL EXERCISE TEST
The treadmill exercise test was performed in a high-speed velocity treadmill17. It 
was  preceded  by a warming-up period of 5 min at  walk (WU1, velocities comprised 
between 1.4-1.7 m/s, according to the height of the horse and the stride length) and 5 min 
at trot (WU2, with velocities comprised between 3.4-3.8 m/s), with the treadmill without 
slope. After the warming-up, the treadmill was inclined 6% and the test began. It started 
at 5 m/s (E1), and after 3 min, the velocity was increased by 1 m/s (E2 6 m/s; E3 7 m/s; 
E4 8 m/s....). The test finished when the horse was not able to keep the required velocity 
despite moderate encouragement. The number of completed workloads and the time of 
exercise when the horses were not able to complete the workloads were recorded. After 
the test, the horses were warmed-down for 5 min at trot (WD1) and 5 min at walk (WD2) 
with the treadmill un-inclined. 
The total time of exercise or exercise time to fatigue (ETF) was measured and the 
environmental  conditions  were  recorded  (environmental  temperature,  ºC;  relative 
humidity, %) with a meteorological station18. Horses were weighed before the test and 
BW was recorded to express the ergoespirometric measurements as a function of BW. 
9.4.4. PROCEDURE OF THE ERGOESPIROMETRIC MEASUREMENTS
The ergoespirometric measurements were made using a respiratory facemask, put 
over the nose and mouth of the horse and held in place with a headstall (Photograph 1). 
Then, the free space between the mask and the muzzle was sealed by inflating an air tube.
17 Mustang 2000, Kabra®, Fahrwangen, Switzerland
18 Meteorologic Station Oregon Scientific®, RTGR328N
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Photograph  1. Respiratory  mask  used  for  
ergoespirometric  measurements,  fitted  in  a  
horse  of  this  study  (look  for  the  seal  of  the 
mask around the nose and mouth).
A metabolic gas analyzer19 was used for these measurements. The system has a 
transducer  fixed to the rostra part  of the mask, where  the ultrasonic flow sensor,  the 
infrared  sensor  and  the  entrance  hole  for  the  samples  of  air  for  %CO2 and  %O2 
determinations are located.
The system has a range of ± 100 l, a resolution of 0.04 l/s and a precision of ±2% 
between 50 and 100 l/s and 3% between 0 and 50 l/s. It disposes of a double entry of air, 
and  therefore,  it  provides  a  very  low  resistance.  Environmental  temperature  and 
barometric  pressure  were  continuously  recorded  and  the  gas  values  obtained  were 
corrected  to  standard  temperature  pressure,  dry  conditions  (STPD).  The  gas  analysis 
system was calibrated before starting the exercise test by using gas mixtures with known 
concentrations of O2 and CO2. 
19 MetaVet V. 1.0, Metasoft, Cortex Biophysik®, Leipzig, Germany
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Further, the maximum mean value obtained during the exercise test for VO2 was 
called  peak  oxygen  uptake  (VO2peak,  ml/kg/min).  Exercise  time  to  fatigue  (ETF)  was 
considered the period of time from the start of the test (excluding the warming-up period, 
from E1 at 5 m/s) until the horses were not able to keep the pace with the treadmill and it 
was expressed in s. Running economy (RE) was calculated as the ratio VO2/velocity, for 
each exercise velocity of the exercise test (from E1 to E4 in the LP horses; from E1 to E6 
in the GP horses).
Respiratory  aerobic  threshold  (RAT,  m/s)  and  respiratory  anaerobic  threshold 
(RAnT, m/s) were calculated according to the triphasic method described by Skinner and 
McLellan (1980). These authors described three metabolic phases during an incremental 
exercise test: Phase 1, cellular buffering of LA, with increase of VCO2 in relation to VO2; 
Phase 2, proportional increase of VE to the rise of VCO2, without concomitant change in 
the  arterial  pressure  of  CO2 (PaCO3)  or  isocapnic  buffering;  Phase  3,  respiratory 
compensatory  phase  of  the  metabolic  acidosis  with  decrease  of  PaCO2.  These  three 
phases are associated with the production of lactic acid, and consequently, release of H+ 
and buffering.  In  Phase I,  the increase in VO2 is linear,  VE and VCO2 increase more 
markedly,  and therefore, EqO2 (VE/VO2) remained unchanged or decrease.  Phase II  is 
characterized by the increase in EqO2 (ventilatory threshold 1, VT1 or RAT). In the phase 
III,  the  greater  production  of  lactic  acid  overtakes  the  buffering  mechanisms  and 
therefore, lung ventilation increased disproportionally in relation to VCO2, and a marked 
hyperventilation appears (ventilatory threshold 2, VT2 or RAnT) (Skinner and McLellan, 
1980). 
9.4.6. HEART RATE MONITORING
Heart  rate,  HR  (beats/min)  was  continuously  registered  using  a  HR-meter 
designed  for  horses20.  Data  were  after  transferred  into  the  computer  using  a  specific 
20 S800, Polar ProTrainer 5, Polar Electro®, Finland
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computer program21. HR data are presented as the mean of the last 60 s of each workload. 
As explained before, when the horses were not able to maintain the exercise velocity for 
more than 60 s, the total exercise time was used to calculate HR. 
9.4.7. STATISTICAL ANALYSIS
Data are presented as mean ± SD. A main effect ANOVA, considering two main 
effects (performance group and sampling time), was used to compare data between the 
two groups as well as between sampling times within groups. Performance groups were 
GP and LP, has explained in section 9.4.1. Sampling times were: rest (R), warming-up at 
walk (WU1) and at trot (WU2), exercises level (5 m/s, E1; 6 m/s, E2; 7 m/s, E3; 8 m/s, 
E4; 9 m/s, E5; 10 m/s, E6) and warming-down at trot (WD1) and at walk (WD2), as 
presented  in  section  9.4.3.  When  significant  differences  were  found  in  relation  to 
sampling time, a post-hoc analysis was made (Scheffé test) in order to evaluate between 
which exercise level the differences reached statistical significance. This procedure was 
carried our independently for each performance group (GP and LP groups). In addition, 
the relationship between each ergoespirometric parameter and velocity were investigated 
with a linear regression model. When linear regression was not significant,  data were 
graphically  represented  to  assess  whether  the  relationship  between  ergoespirometric 
parameters  and  velocity  could  be  adjusted  to  other  type  of  mathetical  model  (i.e. 
logarithmic, exponential). Correlations between ergoespirometric variables were analyzed 
with a Pearson correlation analysis.
Significance  level  was  set  at  P<0.05.  A  statistic  program  was  used  for  these 
analyses22. 
21 Polar ProTrainer 5, Polar, Finland
22 Statistica for windows V.9.0, Statsoft Inc®, USA. 
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9.5. RESULTS
Firstly, we will present the results of the main effect ANOVA, considering two 
main effects: 1) performance group (GP vs. LP); 2) sampling time (R, WU1, WU2, E1, 
E2, E3, E4, E5, E6, WD1 and WD2). Further,  this section has been divided into two 
parts.  Firstly,  we  evaluate  the  ergoespirometric  differences  between  both  groups  of 
performance in each sampling time. In the second section, we analyze the evolution of 
the studied variables with the different workloads in both performance groups. At the end 
of the section, we showed the correlations between the different variables. 
9.5.1. RESULTS OF THE MAIN EFFECT ANOVA
The results of the main effect ANOVA are presented in table 3. In relation to the 
sampling time, we have only considered the warming-up period and the exercise test, but 
we have excluded the warming-down period for  the calculations.  Sampling time (i.e. 
exercise time) affected the following variables: VO2, VCO2, TV, RR, VE, EqO2,  EqCO2, 
and  HR. Performance  group  affected  the  following variables:  VO2,  TV,  VE,  and RE 
(Table 3). 
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Table 3. Results of the main effect ANOVA in the ergoespirometric variables in endurance  
horses (main factors: performance group, GP vs. LP; sampling times: WU1, WU2, E1, E2,  
E3, E4, E5 and E6) (SS, mean squares divided by the degrees of freedom; MS, expected  
mean squares) * significant at P<0.05
Performance group Sampling time
SS MS F P SS MS F P
VO2 13242 2649 64.96 0.000* 241.7 241.7 13.48 0.035*
VCO2 62.63 62.63 1.289 0.260 12134 2427 49.94 0.000*
TV 89.07 89.07 35.05 0.000* 987.3 197.5 77.69 0.000*
RR 313.6 313.6 3.745 0.100 34857 6972 61.01 0.000*
VE 19966372 3993274 122.1 0.000* 614902 614902 18.80 0.000*
EqO2 2705.2 541.0 1.630 0.159 1244 1244 3.747 0.036*
EqCO2 4438.6 887.7 2.235 0.059 2382 2382 5.995 0.017*
RER 0.439 0.088 2.102 0.074 0.004 0.004 0.102 0.750
RE 30.34 6.068 3.039 0.013* 1.363 1.363 0.683 0.411
HR 42.00 42.00 0.230 0.633 140080 28016 153.1 0.000*
9.5.2.  ERGOESPIROMETRIC  DIFFERENCES  BETWEEN  ENDURANCE 
HORSES WITH DIFFERENT PERFORMANCE
Some  significant  differences  were  found  when  comparing  between  both 
performing groups (GP, good performers; LP, low performers). GP had a significantly 
higher BW (399.8±56.46 kg in GP vs. 374.0±23.09 kg in LP) and were older (mean age 
of GP: 8.325±2.202 years vs. mean age of LP: 7.690±2.758 years), as indicated in Table 
2. 
No differences were detected in the environmental temperature and the relative 
humidity in the days when the horses of both groups were subjected to the exercise test 
(data not shown). 
VO2 was higher  in the GP horses at  exercise levels E3 and E4 (7 and 8 m/s, 
respectively). All of the GP horses were able to achieve the exercise level E5 (9 m/s) and 
only one horse reached E6 (10 m/s) (Figure 13). LP horses performed the exercise level 
(E4) and none of them was able to carry out exercise level E5. 
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Figure  13. Differences  
in  VO2 between  good 
and  low  performers  
(significant  differences  
at * P<0.05)
VCO2 was  statistically  similar  in  both  performance  groups  in  the  different 
sampling times, although a trend towards higher values at exercise levels E3 and E4 was 
observed in the GP horses, as presented in figure 14. 
Figure  14. Differences  in 
VCO2 between  good  and 
low performers
GP presented significantly higher TV than LP horses in all the sampling times, 
including the warming-down period, with the exception of WU1 (warming-up period at 
walk), as indicated in figure 15. 
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Figure  15. Differences  in  
TV  between  good  and  low 
performers  (*  significant  
differences at P<0.05)
RR was higher in exercise time E1 in the LP horses. During the warming-down 
period, both at WD1 and WD2, a non-significant trend towards higher values in the LP 
was observed, as represented in the figure 16. 
Figure  16. Differences  in  
RR between good and low 
performers  (*  significant  
differences at  P<0.05)
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GP exhibited significantly higher VE from exercise level E3 (7 m/s) until the end 
of  the  exercise  test,  including  the  two  warming-down  periods  (WD1 and  WD2),  as 
presented in the figure 17. 
Figure  17. Differences  in  
VE between good and low 
performers  (*  significant  
differences at P<0.05)
EqO2 was similar between both performance groups, as presented in the figure 18. 
Figure  18. Differences  
in  EqO2 between  good 
and low performers
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Similarly to what happened with EqO2, we failed to find significant differences in 
EqCO2 between GP and LP endurance horses (Figure 19). 
Figure  19. Differences  in 
EqCO2 between  good  and 
low performers
RER  achieved  similar  means  in  both  performance  groups  (Figure  20).  The 
exercise level at which RER reached the unity is also shown in both groups. The velocity 
at which RER was higher than 1 was significantly lower in LP horses (7.12±0.24 m/s) 
compared to GP horses (8.34±0.49 m/s). 
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Figure  20. Differences  in  
RER between good and low 
performers (The velocity at  
which  RER  reached  the 
unity  is  shown  for  both  
performance group)
The only differences in RE between both performance horse groups were found at 
E3 and E4, where significantly lower values were found in the GP group, as presented in 
the figure 21. 
Figure 21. Differences in  
RE between good and low 
performers  (*  significant  
differences at P<0.05)
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As found in the main effect ANOVA, HR did not differ between GP and LP, as 
presented in the figure 22. 
Figure  22. Differences  in  
HR between good and low 
performers 
ETF  reached  significant  differences  between  both  groups.  GP  had  an  ETF 
(without warming-up and warming-down periods) of 766.6±80.87 s (720-960 s) and LP 
had a total ETF of 655.7±29.91 (600-690 s). The figure 23 shows the exercise duration in 
each exercise level in both performance groups. All the GP horses were able to complete 
the E4 workload (8 m/s), 4 of them were able to perform part of E5 (9 m/s) and 1 of them 
was able to perform 60 s of E6 (10 m/s). None of the horses of group LP was able to 
complete E4 (Figure 23). 
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Figure  23. Differences  in 
ETF  between  good  and 
low  performers  (*  
significant  differences  at  
P<0.05)
VO2peak had  values  of  46.44±11.89  ml/kg/min  in  GP  horses  and  31.98±1.528 
ml/kg/min  in  LP  horses.  This  difference  was  significant.  In  addition,  there  were  not 
significant differences between both performance groups in RAT (VT1), but there were 
differences in RAnT (VT2), as expressed in the table 4. 
Table  4.  Respiratory  aerobic  threshold  (RAT)  and  respiratory  anaerobic  
threshold  (RAnT)  in  endurance  horses  with  different  performance  (*  
significant differences at p<0.05)
Performance group RAT, m/s RAnT, m/s
GP 5.828±4.682 7.933±0.339*
LP 5.800±0.719 7.142±0.354
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9.5.3.  EFFECT  OF  EXERCISE  VELOCITY  ON  ERGOESPIROMETRIC 
DIFFERENCES  IN  ENDURANCE  HORSES  WITH  DIFFERENT 
PERFORMANCE
In  this  section,  we  will  analyze  the  effect  of  exercise  on  the  different 
ergoespirometric parameters. According to the main effect ANOVA, the parameters that 
were modified by exercise velocity were: VO2, VCO2, TV, RR, VE, EqO2, EqCO2 and 
HR (Table 3). 
Further  we  would  like  to  verify  whether  significant  linear  correlations  exist 
between the studied variables and the treadmill velocity. When these linear correlations 
achieve  significant  relevance,  we  calculated  the  mathematical  expressions  both  for 
performance groups using a linear regression model. Therefore, if we know the velocity, 
we could predict the considered variable in endurance horses and predict training level 
and  performance.  When  the  linear  correlations  were  not  significant,  we  graphically 
represent the data, in order to asses whether the data could be adjusted to other type of 
mathematical model. 
Table 5. Linear correlation coefficients between treadmill speed 
and  ergoespirometric  variables  in  endurance  horses  with  
different performance (* significant differences at P<0.05)
GP LP
VO2 0.980* 0.950*
VCO2 0.900* 0.940*
TV 0.900* 0.920*
RR 0.889* 0.880*
VE 0.930* 0.960*
EqO2 -0.024 0.020
EqCO2 -0.160 0.290
RER -0.130 0.360
RE 0.340 0.010
HR 0.940* 0.930*
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VO2 increased  progressively  with  exercise  in  both  performance  groups,  as 
presented in figures 24 and 25. However, in the GP horses, VO2 increased progressively 
during exercise, whereas in the LP group, although there was a trend to increase, VO2 
remained statistically similar during the exercise test. 
Figure  24. Effect  of  velocity  on  VO2 in 
GP  endurance  horses  (different  
superscript  indicates  significant  
differences) P<0.05
Figure 25. Effect of velocity on VO2 in LP 
endurance  horses  (different  superscript  
indicates significant differences) P<0.05
The results  of  the regression analysis  for  VO2 are presented in table 6 and in 
figure 26.
Table 6. Results of the regression analysis between VO2 
and treadmill velocity in endurance horses with different 
performance (* significant differences at P<0.05
GP LP
F 370.7 218.5
R2 0.903 0.744
Adjusted R2 0.900 0.741
Intercept 0.834 -4.680
B value 5.930 4.262
! value 0.950* 0.863*
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Figure  26. Regression  lines  
and  equations  between  
treadmill velocity and VO2 in 
endurance  horses  with  
different performance
The effect of exercise velocity on VCO2  in both groups of endurance horses is 
presented  in  figures  27  and  28.  Similarly  to  what  happened  for  VO2,  a  progressive 
increase in VCO2 values with exercise was found in group GP, whereas group LP seemed 
to reach a 'plateau'. 
Figure 27. Effect of velocity on VCO2 in 
GP  endurance  horses  (different  
superscript  indicates  significant  
differences) P<0.05
Figure 28. Effect of velocity on VCO2 in 
LP  endurance  horses  (different  
superscript  indicates  significant  
differences) P<0.05
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Table 7 and figure 29 summarize the results of the regression analysis between 
treadmill velocity and VCO2 in two performance groups of endurance horses. 
Table 7. Results of the regression analysis between VCO2 
and treadmill velocity in endurance horses with different  
performance (* significant differences) P<0.05
GP LP
F 142.0 252.9
R2 0.738 0.863
Adjusted R2 0.731 0.860
Intercept -7.955 -3.508
B value 6.223 4.703
! value 0.858* 0.929*
Figure  29. Regression 
lines  and  equations  
between  treadmill  
velocity  and  VCO2 in 
endurance  horses  with  
different performance
TV also increased progressively with the treadmill velocity (figures 30 and 31) in 
the GP horses. Although the TV values were higher during the exercise test than during 
the warming-up period  in  the  LP  group,  there  were  not  significant  differences  when 
comparing the different exercise velocities, until reaching 8 m/s (E4)
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Figure 30. Effect of velocity on TV in GP 
endurance  horses  (different  superscript  
indicates significant differences) P<0.05
Figure 31. Effect of velocity on TV in LP 
endurance  horses  (different  superscript  
indicates significant differences) P<0.05
The results of the regression analysis for TV are presented in table 8 and figure 
32. 
Table  8.  Results  of  the  regression analysis  between  TV 
and treadmill velocity in endurance horses with different  
performance (* significant differences) P<0.05
GP LP
F 351.4 216.6
R2 0.824 0.844
Adjusted R2 0.822 0.840
Intercept 1.736 1.987
B value 1.675 1.264
! value 0.908* 0.919*
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Figure  32. Regression 
lines  and  equations  
between  treadmill  velocity  
and  TV  in  endurance  
horses  with  different  
performance
Although RR increased from warming-up period to exercise workloads, we failed 
to  find  significant  differences  between  the  different  workloads  in  the  GP  horses. 
However, the LP horses underwent a significant increase from E1 to E2 (figures 33 and 
34). 
Figure 33. Effect of velocity on RR in GP 
endurance  horses  (different  superscript  
indicates significant differences) P<0.05
Figure 34. Effect of velocity on RR in LP 
endurance  horses  (different  superscript  
indicates significant differences) P<0.05
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The results of the regression analysis for RR are shown in table 9 and figure 35. 
Table 9. Results of the regression analysis between RR and 
treadmill  velocity  in  endurance  horses  with  different  
performance (* significant differences) P<0.05
GP LP
F 163.9 143.3
R2 0.690 0.782
Adjusted R2 0.686 0.776
Intercept 53.74 53.07
B value 7.528 8.611
! value 0.831* 0.884*
Figure 35. Regression lines  
and  equations  between  
treadmill velocity and RR in  
endurance  horses  with  
different performance
The effect of exercise velocity on VE in both performance groups of endurance 
horses is presented in figures 36 and 37. VE progressively increased in the GP horses, 
whereas increase of VE did not reach statistical significance during exercise in the LP 
horses. 
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Figure 36. Effect of velocity on VE in GP 
endurance  horses  (different  superscript  
indicates significant differences) P<0.05
Figure 37. Effect of velocity on VE in LP 
endurance  horses  (different  superscript  
indicates significant differences) P<0.05
The results of the regression analysis and the equations for VE are presented in 
table 10 and figure 38. 
Table 10.  Results of the regression analysis between VE 
and treadmill velocity in endurance horses with different  
performance (* significant differences) P<0.05
GP LP
F 428.2 478.7
R2 0.865 0.923
Adjusted R2 0.863 0.921
Intercept -152.6 -83.60
B value 229.8 186.0
! value 0.930* 0.961*
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Figure 38. Regression lines  
and  equations  between  
treadmill  velocity  and  VE 
in  endurance  horses  with 
different performance
HR increased significantly throughout the exercise test in the GP group. However, 
the rise was more progressive in the LP group (Figures 39 and 40). 
Figure 39. Effect of velocity on HR in GP  
endurance  horses  (different  superscript  
indicates significant differences) P<0.05
Figure 40. Effect of velocity on HR in LP  
endurance  horses  (different  superscript  
indicates significant differences) P<0.05
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The regression analysis and the equations for HR are shown in table 11 and figure 
41.
Table  11.  Results  of  the  regression  analysis  between  HR and  
treadmill  velocity  in  endurance  horses  with  different  
performance (* significant differences) P<0.05
GP LP
F 954.7 210.9
R2 0.928 0.861
Adjusted R2 0.927 0.850
Intercept 42.76 57.79
B value 10.27 16.67
! value 0.963* 0.928*
Figure  41. Regression  
lines  and  equations  
between treadmill velocity  
and  HR  in  endurance  
horses  with  different  
performance
In the table 12, a summary of the regression lines between treadmill velocity and 
several ergoespirometric and ventilatory parameters are presented, for both horse groups 
of performance. 
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Table  12. Equations  between  treadmill  velocity  and  ergoespirometric  
parameters in endurance horses with different performance
LP group GP group 
VO2 VO2= 0.834 + 4.262V VO2= -4.681 + 5.930V
CO2 CO2= -3.508 + 4.730V CO2= -7.955 + 6.223V
TV TV= 1.987 + 1.264V TV= 1.736 + 1.675V
RR RR= 53.07 + 8.611V RR= 53.74 + 7.528V
VE VE= -83.60 + 186.0V VE= -152.6 + 229.8V
HR HR= 57.79 + 16.67V HR= 42.76 + 19.27V
9.5.4.  CORRELACIONS  BETWEEN  ERGOESPIROMETRIC  VARIABLES  IN 
ENDURANCE HORSES WITH DIFFERENT PERFORMANCE
In  the table 13, we present the results of the correlations analysis between the 
different ergoespirometric variables included in our research. The data of both groups of 
performance and the different workloads have been processed together. 
Table 13. Correlation coefficients between ergoespirometric parameters in endurance horses  
(* significant at P<0.05)
VO2 VCO2 TV RR VE EqO2 EqCO2 RER RE HR
VCO2 0.980*
TV 0.810* 0.830*
RR 0.250 0.270 0.440
VE 0.750* 0.780* 0.940* 0.600*
EqO2 -0.620* -0.540 -0.100 0.340 0.050
EqCO2 -0.580* -0.600* -0.240 0.320 -0.010 0.690*
RER 0.170 0.300 0.300 0.110 0.310 0.260 -0.330
RE 0.610* 0.430 0.580 0.110 0.610* -0.480 -0.170 -0.320
HR 0.840* 0.840* 0.810* 0.380 0.800* -0.340 -0.380 0.210 0.160
ETF 0.810* 0.300 0.850* -0.090 0.840* 0.070 0.050 0.040 -0.750* 0.120
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Table  14  presents  the  correlations  between  ETF,  respiratory  thresholds  and 
VO2peak. ETF was positively correlated with VO2peak and RAnT, but not with RAT. 
Table  14.  Correlations  between  exercise  time  to 
fatigue,  respiratory  thresholds  and  VO2peak in 
endurance horses (* significant at P<0.05)
RAT RAnT VO2peak
ETF 0.180 0.870* 0.890*
RAT 0.730* 0.520
RAnT 0.980*
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9.5.5. APPENDIX RESULTS STUDY II
In this appendix, we describe specific data or statistical results especially designed 
to  get  a  better  explanation  of  the  results.  We  observed  that  GP  horses  had  higher 
ventilatory volumes (TV and VE). These parameters might be influenced by BW and 
bigger animals can have higher ventilatory volumes. We also found that GP were heavier 
than LP. In order to prove whether the ventilatory differences between both groups could 
be associated to the different BW, we normalized both parameters according to weight 
(TV/kg y VE/kg) (Table 15). 
Table 15.  Normalized values  as a function of  body weight of  TV and VE in endurance  
horses with different performance (* significant differences between groups at P<0.05)
Exercise level
TV/Kg VE/Kg
GP horses LP horses GP horses LP horses
WU1 0.012±0.002 0.012±0.003 0.753±0.212 0.839±0.318
WU2 0.017±0.004 0.017±0.004 1.386±0.368 1.537±0.414
E1 0.025±0.006 0.027±0.001 2.299±0.631 2.578±1.380
E2 0.031±0.005 0.028±0.004 3.247±0.600 3.151±0.339
E3 0.034±0.005 0.030±0.004 3.808±0.590 3.432±0.420
E4 0.037±0.004 0.031±0.005* 4.124±0.709 3.690±0.533*
E5 0.043±0.005 4.867±0.628
E6 0.047 4985
WD1 0.028±0.006 0.021±0.005 3.648±0.857 2.877±0.691*
WD2 0.0017±0.004 0.015±0.004 2.025±0.523 1.826±0.482
It has been found that, despite normalization using BW, GP horses had higher TV 
and VE than LP horses, although this difference only reached statistical significance at 
the exercise level E4 (8 m/s). 
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9.6. DISCUSIÓN/DISCUSSION 
9.6.1. DIFERENCIAS ERGOESPIROMÉTRICAS EN CABALLOS DE RAID CON 
DIFERENTE RENDIMIENTO
Los  caballos  de  raid  con  mejor  rendimiento  deportivo  se  caracterizaron  por 
presentar valores superiores de TV, VE, VO2, ETF, VO2peak y RAnT e inferiores en RE y 
de RR para velocidades concretas. Además, la velocidad a la cual el valor de RER superó 
la  unidad  fue  más  elevada  en  el  grupo  GP.  No hubo  diferencias  significativas  entre 
grupos en cuanto a EqO2, EqCO2, RER y HR. 
9.6.1.1. PARÁMETROS VENTILATORIOS
En  ciclistas,  se  ha  documentado  que  VE  durante  el  ejercicio  aumenta  más 
intensamente en ciclistas profesionales que en amateurs (Lucía et al., 1999). La relación 
entre  las  características  ventilatorias  y  el  rendimiento  o  estado de  forma  física  en  el 
caballo ha sido poco estudiada, destacando dos publicaciones sobre este tema. Gavreau et  
al. (1995) compararon dos grupos de caballos sometidos al mismo entrenamiento,  con 
edades similares, pero con diferente rendimiento en carreras de velocidad sobre distancias 
cortas.  Los  resultados  de  esta  investigación  coinciden  con  los  nuestros,  ya  que  los 
animales con mayor rendimiento presentaron TV superiores. Sin embargo, Gavreau et al. 
(1995) no hallaron diferencias en VE entre ambos grupos, mientras que en nuestro caso, 
los caballos GP tuvieron valores más elevados de VE. 
Varios años después, Katz et al. (1999) compararon dos grupos de caballos, Pura 
Sangre  Inglés  y  ponies,  presentando éstos  últimos un estado  de forma física  inferior, 
debido a su vida tradicionalmente más sedentaria. Debido a la gran diferencia de tamaño 
corporal entre ambos grupos, la intensidad de ejercicio se expresó en forma de porcentaje 
de  VO2max,  en  lugar  de  en  función  de  la  velocidad.  Los  caballos  mostraron  valores 
superiores de TV y VE a diferentes intensidades de esfuerzo, si bien estas diferencias 
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desaparecieron  cuando  la  VE  se  expresó  en  función  del  peso  corporal  (VE/kg).  En 
nuestra investigación, los caballos GP pesaron más que los LP y este hecho podría haber 
condicionado  parcialmente  los  resultados  obtenidos.  Por  ello,  expresamos  estos 
parámetros en función del peso (ver apéndice resultados estudio II- sección 9.5.5.). Según 
nuestros datos, si bien ambos parámetros ventilatorios están supeditados parcialmente al 
tamaño del animal, cuando se normalizan en función del peso, las diferencias se reducen, 
aunque persisten a las velocidades más altas de ejercicio (E4). Cabe preguntarse si estas 
diferencias  persistirían  o  se  incrementarían  a  velocidades  mayores,  ya  que  hay  que 
recordar que los caballos del grupo LP no fueron capaces de realizar la carga de esfuerzo 
E5. 
Este  resultado  es  interesante,  ya  que diversos  estudios  han  demostrado  que el 
entrenamiento  no  induce  cambios  significativos  en  TV  y  VE.  Evans  y  Rose  (1988) 
sometieron a un entrenamiento de 7 semanas de duración a caballos Pura sangre Inglés y 
encontraron un aumento del 23% en VO2máx. Sin embargo, no se apreciaron cambios en 
VE, debido según estos autores, al acoplamiento entre frecuencia de tranco y RR. Otros 
autores,  como  Art  y  Lekeux  (1993)  y  Roberts  et  al. (1999),  llegaron  a  la  misma 
conclusión, es decir,  que el  entrenamiento no modifica TV y VE.  Estos  estudios,  sin 
embargo,  no responden a la pregunta  de si  los  caballos  más aptos físicamente  tienen 
mayores volúmenes ventilatorios. Según Gavreau et al. (1995), los valores más altos en 
los caballos con mejor rendimiento se deben a que este grupo de animales puede superar 
las limitaciones de los sensores ultrasónicos de medición de flujo aéreo en las máscaras 
respiratorias, dando lugar a una modificación del patrón respiratorio. 
Lo que sí está más claro es que, un valor bajo de TV y VE puede estar asociado a 
una falta o pérdida de rendimiento. Los animales con patologías laringo-faríngeas, como 
hemiparesis-hemiplejia laríngea (Rakesh et al., 2008) y desplazamiento dorsal de paladar 
blando (Franklin et al., 2002; Allen y Franklin, 2013) experimentan un descenso de TV y 
VE cuando muestran estas patologías, aumentando tras su corrección quirúrgica. Por otro 
lado, los caballos con patologías de vías respiratorias inferiores, presentan un TV más 
alto, pero VE más bajo en ejercicio (Pollman y Hörnicke, 1987; Art et al., 1998; 1999). 
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Se cree que se trata de una hiperinsuflación en respuesta a la reducción del intercambio 
gaseoso a nivel pulmonar. 
El ANOVA no mostró diferencias significativas en RR al comparar ambos grupos 
de rendimiento, con excepción de la velocidad E1, en la que los caballos GP presentaron 
un valor significativamente inferior. Hay que tener en cuenta que en la velocidad E1 (5 
m/s) se puede producir la transición trote-galope en el caballo. Por tanto, es posible que 
esta diferencia sea el reflejo del uso de los diferentes aires por cada caballo. Por otro lado, 
sería lógico pensar que, bajo condiciones ambientales similares, los caballos con mejor 
rendimiento tendrían una RR más baja, debido a una menor dependencia de la frecuencia 
de tranco para conseguir una velocidad determinada. Se ha demostrado que los caballos 
con rendimiento mejor y un nivel de entrenamiento más elevado presentan una longitud 
de tranco superior (Deuel y Park, 1990; Ronéus  et al., 1995). Esta circunstancia se ha 
asociado a la actuación de diferentes grupos neuromusculares o bien a la capacidad de 
producción de una mayor fuerza muscular (Kallings et al., 2010). 
En resumen, los caballos del grupo GP mostraron volúmenes ventilatorios más 
elevados que los LP, si bien estas diferencias se redujeron cuando se consideró el peso 
del caballo. Aún así, TV y VE fueron mas altos en el grupo GP a la intensidad superior de 
ejercicio (E4). No obstante, considerando que ambos parámetros se pueden ver afectados 
por patologías respiratorias (respondiendo tanto con aumento como con disminución), 
parece razonable la interpretación conjunta de estos dos volúmenes respiratorios con el 
VO2pico o VO2máx. 
9.6.1.2. PARÁMETROS INDICATIVOS DE INTERCAMBIO GASEOSO
En la presente investigación, se ha encontrado que el VO2 fue significativamente 
superior en los caballos GP, en los niveles de ejercicio más altos, E3 y E4 (7 y 8 m/s). 
Numerosos autores han documentado que los caballos más aptos funcionalmente, tanto 
Pura Sangre Inglés como trotones, presentan valores de VO2max más altos (Gavreau et al., 
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1995; Tyler et al., 1996; Prince et al., 2002; Evans, 2007). VO2max es una medida esencial 
en fisiología del ejercicio, al expresar la intensidad o tasa del uso de O2 en el animal. Por 
tanto, es un buen marcador de la capacidad aerobia u oxidativa máxima (Rose  et al., 
1990; Morris y Seeherman, 1991; Evans, 2007). Asimismo, los caballos con patologías 
de diversa índole (respiratoria, cardíaca, anemias...) pueden experimentar un descenso en 
VO2max, que justifica en parte su pérdida de rendimiento (King et al., 1994; Erlich et al., 
1995; Franklin et al., 2002; Evans, 2007). 
En  relación  a  la  medición  de  VO2 en  esta  investigación  sobre  caballos  de 
resistencia hay que matizar varios hechos. En primer lugar, no se ha medido VO2max, sino 
VO2 en cada escalón de ejercicio. Los criterios para medición de VO2max en el caballo son 
los siguientes: 1) que no se produzca un aumento de VO2 al incrementar la velocidad; 2) 
un coeficiente de intercambio respiratorio RER superior a la unidad; 3) un incremento 
exponencial de la acumulación de LA en sangre (Birks  et al.,  1991; Jones y Carlson, 
1995;  Ohmura  et  al.,  2002).  La  medición  de  VO2max requiere  un  test  de  ejercicio 
específico,  empezando  a  velocidades  medias-elevadas  (6-7  m/s)  e  incrementando 
progresivamente  hasta  intensidad  máxima.  El  test  de  ejercicio  empleado  en  nuestro 
estudio, en nuestra opinición, es mejor para los caballos de resistencia, ya que se hace a 
velocidades inferiores, similares a las de competición. Hay que tener en cuenta que los 
tests de ejercicio utilizados para el cálculo de VO2max se han diseñado para caballos de 
velocidad. 
Por  otro  lado,  debido  a las  características  de  las  competiciones  de  resistencia 
(larga – muy larga duración), la capacidad aerobia máxima (representada por VO2max) no 
suele ser  un limitante,  excepto quizá en momentos muy concretos  (sprint  final  o una 
subida intensa). El desarrollo de hipertermia, deshidratación y alteraciones electrolíticas 
son limitantes más importantes en este tipo de deporte (Flaminio et al., 1996; Foreman, 
1998; Castejón et al., 2006; Trigo et al., 2010; Fielding et al., 2011). Por todo ello, hemos 
procedido al cálculo de VO2peak, VO2pico o valor máximo durante el test de ejercicio en 
lugar de VO2max. Este procedimiento se ha utilizado en aquellos animales que no pueden 
ser ejercitados hasta el máximo para calcular VO2max (King  et al.,  1994; Erlich  et al., 
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1995). 
En segundo lugar, VO2 y VO2peak, en nuestra investigación, se han expresado en 
función  del  peso  corporal  (ml/kg/min).  De  forma  ideal,  estas  variables  deberían  ser 
expresadas en función de la masa corporal no del peso, o mejor aún de la masa libre de 
grasa (Kearns et al., 2002). Este procedimiento no es muy usado en el caballo, a pesar de 
haberse demostrado sus ventajas (Kearns et al., 2002). 
Los valores más elevados de VO2 y VO2pico en los caballos GP, indicarían que, a 
velocidades de 7-8 m/s, la cantidad de energía generada aeróbicamente para mantener la 
intensidad de ejercicio requerida, fue superior a la de los LP y de ahí, su mayor tiempo de 
ejercicio hasta la fatiga (ETF). Así, hemos encontrado una correlación positiva entre VO2 
y ETF (Tabla 13). Esta correlación ha sido previamente descrita en caballos Pura Sangre 
inglés  y  trotones  (Tyler  et  al.,  1996;  Gerard  et  al.,  2002;  McCutcheon  et  al.,  2002; 
McGowan et al., 2002). Lo importante de nuestra investigación, es que, por primera vez, 
esta relación se ha confirmado en caballos de resistencia. Además, es interesante resaltar 
que VO2pico estuvo correlacionado de forma significativa y positiva con RAnT, pero no 
RAT. Ello podría deberse a que RAT se produce a bajas velocidades de ejercicio, por lo 
que es una variable menos predictiva de eventos fisiológicos que se producen a mayores 
velocidades de esfuerzo. Esta misma idea ha sido muy debatida en fisiología del ejercicio, 
ya  que se ha criticado que aquellas  variables que se producen a velocidades bajas de 
ejercicio, puedan predecir el potencial de rendimiento de un caballo durante un ejercicio 
máximo (Davie et al., 2002; Gramkow y Evans, 2006; Evans, 2007; Lindner, 2010). 
Es posible que los valores superiores de VO2 en los caballos GP deriven de un 
nivel  de entrenamiento  más elevado.  Se ha  documentado  que  el  entrenamiento  en  el 
caballo condiciona una elevación de VO2máx (Evans y Rose, 1987; Knight  et al., 1991; 
Evans et al., 1995; Tyler  et al., 1996; Christley et al., 1997; Eaton et al., 1999; Geor et  
al., 1999; Betros  et al., 2002, McCutcheon  et al., 2002). VO2 depende de la capacidad 
funcional de los sistemas respiratorio, cardiaco y hematológico, así como de la capacidad 
de extracción y uso de O2 en los músculos activos en el ejercicio (Evans, 2007). Según el 
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análisis de correlación, VO2 dependió de parámetros respiratorios (TV, VE) y cardiacos 
(HR). En el caballo, se ha encontrado una correlación positiva entre VO2max, tamaño del 
ventrículo izquierdo (Young  et al., 2002) y valor hematócrito post-ejercicio (Kearns  et  
al., 2002). 
La economía de carrera RE, es decir, VO2 expresado en función de la distancia 
cubierta es inferior en maratonianos humanos con mayor éxito deportivo (Billat  et al., 
2001; Lucía et al., 2006; Foster y Lucía, 2007; Lima-Silva et al., 2010). Este parámetro 
no ha sido muy analizado en fisiología del ejercicio en el caballo, quizá posiblemente 
porque donde alcance una mayor importancia es en pruebas de resistencia. En nuestro 
caso, hemos observado que, los caballos GP mostraron valores inferiores (es decir, menos 
consumo de O2 por km cubierto) a velocidades E3 y E4. Estos resultados indican una 
mejor eficacia locomotora en el grupo GP, datos que coinciden con los encontrados por 
Cottin et al. (2010) en caballos árabes de resistencia, durante un test en campo. Además, 
esta idea se ve confirmada por los resultados del análisis de correlación.  Este análisis 
reveló, en nuestro estudio, una correlación inversa entre el tiempo de ejercicio hasta la 
fatiga (ETF) y RE. 
Además, el ETF tuvo una correlación positiva y significativa con RAnT, pero no 
con  RAT.  Este  dato  resulta  lógico  si  se  considera  que  una  vez  superado  el  umbral 
anaerobio, se produce una rápida acumulación de LA en sangre, con acidosis y aparición 
de fatiga. Por ello, los caballos que tuvieron valores superiores de RAnT fueron capaces 
de realizar un ejercicio más prolongado, al empezar la acumulación de LA a intensidades 
de  esfuerzo  más  intensas.  Una  posible  justificación  a  la  ausencia  de  diferencias 
significativas en RAT entre los dos grupos de rendimiento es el efecto del estrés. RAT se 
produce a velocidades más bajas de ejercicio, momento en el que el estrés es más intenso, 
con  desequilibrios  simpáticos-parasimpáticos  más  intensos,  como  han  mostrado  las 
investigaciones  llevadas  a  cabo  sobre  la  variabilidad  de  la  HR (Cottin  et  al.,  2005; 
Kinnunen et al., 2006). 
Cottin et al. (2010), además, asociaron el valor inferior de RE con un coeficiente 
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de intercambio respiratorio RER menor a la unidad. Esto indicaría que el metabolismo 
muscular es mantenido básicamente mediante la oxidación lipídica (Cottin et al., 2010). 
En nuestro caso, los caballos GP no tuvieron valores RER significativamente inferiores a 
los LP. Sin embargo, la velocidad a la cual RER superó la unidad fue más elevada en el 
grupo GP. Según estos datos, la velocidad a partir de la cual se iniciaría la acumulación 
de LA (y por tanto, se iniciaría la fatiga) sería de 7,12 y 8,34 m/s en los grupos LP y GP 
respectivamente. De hecho, el umbral ventilatorio 2 (VT2) o también denominado umbral 
respiratorio anaerobio (RAnT) fue superior en el grupo GP. Estos datos justificarían la 
mayor duración de ejercicio del grupo GP. Igualmente, según describieron Cottin  et al. 
(2010),  estas  características  podrían  explicar  porqué  los  caballos  de  resistencia  son 
capaces  de mantener  una velocidad alta sostenida (18 km/h) de forma muy eficaz en 
distancias prolongadas. 
La ausencia de diferencias significativas en EqO2 entre ambos grupos de caballos, 
GP y LP, era inesperada, ya que estudios previos han demostrado que valores inferiores 
son representativos de un uso y transporte de O2 más eficiente,  al menos en personas 
(López-Chicharro et al., 1995), ya que es un parámetro no demasiado usado en caballos. 
Una posible explicación a este hallazgo sea el mayor VE de los caballos GP, que ya en 
parte, asociamos a un mayor peso corporal. 
En  resumen,  los  caballos  GP  tuvieron  un  potencial  oxidativo  más  elevado, 
confirmado por los valores superiores de VO2, VO2pico y RAnT, lo cual dio lugar a un 
tiempo de ejercicio  hasta  la  fatiga  más prolongado  y un mayor  número  de escalones 
completados en el test de ejercicio mayor. Parte de esta mayor capacidad oxidativa podría 
venir dada por unos volúmenes ventilatorios mayores (TV y VE), si bien no se pueden 
excluir otros factores no estudiados en esta investigación (características cardiovasculares 
y musculares). Por otro lado, los caballos GP mostraron un metabolismo más eficaz, con 
valores inferiores para RE. Finalmente, la velocidad a la cual el RER superó la unidad fue 
más elevada en el grupo GP, de modo que el umbral respiratorio anaerobio también fue 
más alto. 
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9.6.2.  EFECTO  DE  LA  VELOCIDAD  SOBRE  LAS  VARIABLES 
ERGOESPIROMÉTRICAS
En la presente investigación, varias medidas ergoespirométricas como TV, VE, 
RR, VO2, VCO2, EqO2, EqCO2 y HR se vieron afectadas por la velocidad de ejercicio. 
Por otro lado, TV, VE, RR, VO2, VCO2 y HR tuvieron una correlación lineal altamente 
significativa (coeficientes de correlación superiores a 0.800) con la velocidad (Tabla 5).
Se ha confirmado que existe una correlación lineal entre TV, VE y la velocidad de 
ejercicio en treadmill, en asociación con la actividad muscular inspiratoria (Ainsworth et  
al., 1996), datos que coinciden con los hallados en nuestra investigación. Además, hemos 
observado que esta correlación es altamente significativa, con coeficientes de correlación 
superiores  a  0,900,  para  ambos  grupos  de  rendimiento  (GP  y  LP).  No  obstante,  los 
coeficientes  de correlación con la  velocidad fue  más elevados  para  VE que para  TV 
(Tabla 5). Se sabe que los valores de TV no están tan ligado a la frecuencia de tranco 
como VE, y puede verse modificado por otros factores, tales como la intensidad de las 
demandas  metabólicas  (Butler  et  al.,  1993a).  También  se  ha  confirmado  que  el 
incremento de TV está asociado a la termólisis, pero este efecto es más marcado durante 
un ejercicio submáximo prolongado que durante un test de ejercicio incremental, de más 
corta duración (Cotrel et al., 2006). 
RR  también  mostró  una  correlación  lineal  con  la  velocidad,  si  bien  los 
coeficientes de correlación fueron algo inferiores (0,880-0,890). Se ha descrito que RR 
aumenta linealmente con la velocidad hasta una velocidad aproximada de 6-8 m/s.  A 
partir de esta velocidad, el aumento de VE depende en mayor grado del TV que de la RR 
(Art  et al.,  1990; Butler  et al.,  1993a,b; Attenburrow y Goss,  1994; Lafortuna  et  al., 
1996; Franklin et al., 2012). No obstante, hay que matizar que estos datos se han obtenido 
en caballos Pura Sangre Inglés y trotones  Standardbred, generalmente de mayor alzada 
que los caballos Árabes  y con una frecuencia de tranco diferente (Heglund y Taylor, 
1988; Butler et al., 1993a; Cano et al., 2001). Como se observa en las figuras 33 y 34, si 
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bien la relación RR-velocidad es lineal,  se observa una tendencia hacia la pérdida de 
linealidad a velocidades de 7-8 m/s (E3, E4), con un 'plateau'  o mantenimiento de los 
datos. Esta disminución de la relación lineal posiblemente se asocie al acoplamiento entre 
frecuencia de tranco y RR (Lafortuna et al., 1996). No se registró el aire de cada caballo 
en cada carga de ejercicio,  y esta circunstancia limita la explicación de los resultados 
obtenidos. 
De igual modo, existió una relación lineal entre VO2 y velocidad a intensidades de 
ejercicio submáximas. Se ha indicado que esta relación que se pierde a velocidades más 
altas, cuando VO2 se aproxima hacia VO2max (Tyler et al., 1996; McDonough et al., 2002). 
De hecho, uno de los criterios utilizados para la medición de VO2max en el caballo es que 
no se produzca un aumento de VO2 al incrementar la velocidad de ejercicio (Birks et al., 
1991; Jones y Carlson, 1995; Ohmura  et al., 2002). Este hecho se  ha observado en la 
presente investigación, con coeficientes de correlación elevados (superiores a 0,950). En 
la figura 25, se aprecia un incremento progresivo de VO2 conforme aumenta la velocidad 
de ejercicio en el grupo GP, lo cual podría indicar que no se ha logrado el VO2max. Por el 
contrario, en la figura 26, se observa que no existen diferencias en VO2 en las diversas 
cargas de esfuerzo de los caballos LP. Este resultado sugeriría que los caballos del grupo 
LP estuvieron más cerca de su VO2max, siendo esto o bien una consecuencia o bien el 
origen de su peor estado de forma física y nivel de entrenamiento. 
Un resultado curioso es que la línea de regresión entre HR y velocidad estuvo 
ligeramente situada hacia la izquierda en los caballos del grupo GP en relación a los 
caballos LP (figura 41), si bien no existieron diferencias significativas entre grupos de 
rendimiento en este parámetro. Se ha descrito que los caballos con mejor forma física o 
en  respuesta  a  un  entrenamiento,  presentan  o  experimentan  una  desviación  hacia  la 
derecha en la regresión lineal HR-velocidad (Persson, 1983; 1997; Muñoz  et al., 1998; 
1999; Couroucé, 1999; Davie y Evans, 2000). Cuando existe una patología limitante del 
rendimiento deportivo, que eleve HR en respuesta a una intensidad de ejercicio, también 
se produce una desviación hacia la derecha  en la  regresión HR-velocidad (Couroucé, 
1999; Couroucé-Malblanc et al., 2002; 2010; Art y Van Erck, 2008). 
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Se pueden proponer  dos justificaciones  a estos resultados.  En primer lugar,  se 
puede hipotetizar que los caballos con mejor forma física tienen un temperamento más 
nervioso,  lo  cual  elevaría  la  HR,  si  bien  este  aspecto  no  se  ha  evaluado  en  nuestra 
investigación.  En  segundo  lugar,  la  mayor  HR  puede  ser  el  reflejo  de  una  mayor 
intensidad absoluta de ejercicio, ya que se hallaron correlaciones positivas con VO2, TV y 
VE. De todas formas, hay que subrayar que las diferencias entre grupos de rendimiento 
no fueron significativas. 
En resumen, algunos parámetros ergoespirométricos, tales como VE, TV, VO2 y 
otras  variables,  como  HR,  presentan  una  clara  relación  lineal  con  la  velocidad, 
independientemente del estado de forma física del animal. Los caballos del grupo GP 
mostraron  un  incremento  progresivo  de  VO2,  indicando  que  no  se  había  alcanzando 
VO2máx, mientras que en los caballos del grupo LP se apreció que el aumento de VO2 con 
la velocidad de ejercicio no era significativo, lo cual sugeriría que el valor de VO2 estaba 
próximo a su VO2max. Esta incapacidad de elevación de VO2 podría ser la consecuencia o 
el origen de un peor rendimiento físico. 
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9.7. CONCLUSIONS/CONCLUSIONES
Las principales conclusiones del estudio II son las siguientes:
PRIMERA CONCLUSIÓN. Los caballos de resistencia con mejor rendimiento 
físico tuvieron una capacidad aerobia más marcada que los caballos con un rendimiento 
inferior, como se evidenció por valores superiores para el consumo de oxígeno, consumo 
de oxígeno pico,  volumen tidal,  ventilación minuto y umbral  anaerobio respiratorio  y 
estas respuestas fisiológicas se asociaron a un tiempo de ejercicio  hasta la fatiga más 
prolongado. 
SEGUNDA CONCLUSIÓN. El cociente de intercambio respiratorio no fue un 
parámetro  discriminante  de  funcionalidad  en  caballos  de  resistencia.  Sin  embargo,  la 
velocidad a la cual  dicho cociente superó la unidad fue superior en los animales  con 
mejor  rendimiento  físico,  por  lo  que  dicha  velocidad  podría  considerarse  un  índice 
preditivo de forma física. 
TERCERA CONCLUSIÓN. La incapacidad para elevar el consumo de oxígeno 
durante un test de ejercicio de intensidad creciente en un caballo de resistencia podría ser, 
o una consecuencia, o una manifestación de bajo rendimiento o forma física reducida. 
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9.8. RESUMEN 
INTRODUCCIÓN.  El  sistema  respiratorio  es  uno  de  los  principales  limitantes  del 
rendimiento físico, incluso en caballos sanos. La funcionalidad respiratoria y el potencial 
oxidativo se pueden evaluar mediante ergoespirometría. 
OBJETIVOS. 1) Evaluar qué parámetros ergoespirométricos condicionan en parte, un 
mayor tiempo de ejercicio hasta la fatiga, y por tanto, un mayor rendimiento en caballos 
de  resistencia;  2)  Evaluar  los  cambios  inducidos  por  el  ejercicio  en  los  parámetros 
ergoespirométricos. 
HIPÓTESIS A COMPROBAR. Que los caballos de resistencia con mayor rendimiento 
y nivel de entrenamiento tendrán mayor capacidad aerobia, lo cual dará lugar a un tiempo 
de ejercicio hasta la fatiga más prolongado. 
MATERIAL Y MÉTODOS. Se han estudiado 29 caballos de resistencia, divididos en 
dos grupos según la opinión del entrenador y los resultados deportivos durante los seis 
meses  previos  a  los  tests  de  ejercicio:  GP ('good performers',  con  buen rendimiento; 
n=19) y LP ('low performers',  con rendimiento bajo; n=10). Los caballos realizaron un 
test de ejercicio, que se inició con un calentamiento (5 min al paso y 5 min al trote, con el 
treadmill sin  inclinación),  comenzando  la  primera  carga  de  esfuerzo  a  5  m/s  e 
incrementando cada 3 min la velocidad en 1 m/s hasta que los caballos fueron incapaces 
de  mantener  la  velocidad  requerida,  con  una  inclinación  en  el  treadmill del  6%. 
Finalmente,  se  realizó  un  periodo  de  enfriamiento  de  características  similares  al 
calentamiento, pero a la inversa (5 min de trote y 5 min al paso, con el  treadmill sin 
inclinación). Mediante una máscara respiratoria, se obtuvieron los siguientes parámetros: 
volumen tidal (TV), frecuencia respiratoria (RR), consumo de oxígeno (VO2), consumo 
pico  de  oxígeno  (VO2peak)  y  producción  de  CO2 (VCO2).  A  partir  de  estos  datos,  se 
calcularon los siguientes parámetros:  ventilación minuto (VE), equivalente ventilatorio 
para el O2 (EqO2) y para el CO2 (EqCO2), cociente de intercambio respiratorio (RER), 
velocidad  de  ejercicio  a  la  que  RER supera  la  unidad,  economía  de  carrera  (RE)  y 
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umbrales  respiratorios,  aerobio  (RAT)  y  anaerobio  (RAnT).  Además,  se  registró  la 
frecuencia cardíaca  (HR) y se anotó el  tiempo de ejercicio  hasta  la  fatiga  (ETF),  sin 
considerar los periodos de calentamiento y enfriamiento. 
RESULTADOS.  Diferencias  ergoespirométricas  en  caballos  de  raid  con  diferente 
rendimiento.  Los  caballos  del  grupo  GP  mostraron  valores  superiores  de  TV  y  VE. 
Debido a que estos caballos tuvieron un peso corporal superior a los del grupo LP, se 
normalizaron  los  valores  de  TV  y  VE  en  función  del  peso.  Tras  normalizar,  las 
diferencias de TV y VE entre grupos de rendimiento se redujeron, si bien persistieron a 
velocidades altas de ejercicio (8 m/s). VO2 fue más elevado en el grupo GP a 7 y 8 m/s e 
igualmente, VO2pico fue mayor en el grupo GP (46,44 ml/kg/min en GP; 31,98 ml/kg/min 
en LP). No hubo diferencias entre ambos grupos en el valor de RER, si bien la velocidad 
a la cual RER superó la unidad, fue mayor en el grupo GP. No existieron diferencias 
entre grupos GP y LP en HR y RAT. El grupo GP presentó un valor superior para RAnT 
(7,933  m/s  en  GP;  7,142 m/s  en  LP).  No se  hallaron  diferencias  significativas  entre 
grupos de rendimiento en EqO2 y EqCO2. ETF fue más largo en el grupo GP (766,6 s en 
GP; 655,7 s en LP). Un ETF mayor se asoció a valores superiores de VO2, VO2pico, TV, 
VE  y  RAnT  e  inferiores  de  RE.  Efecto  del  ejercicio  en  los  parámetros 
ergoespirométricos. Se observó  una relación lineal  entre  la  velocidad y los siguientes 
parámetros: TV, VE, RR, VO2, VCO2 y HR. Los caballos LP no incrementaron de forma 
significativa los valores de VO2 durante el ejercicio, al contrario de lo que ocurrió en el 
grupo GP, donde se apreció un incremento progresivo. 
CONCLUSIONES. Los caballos de raid con mejor rendimiento tienen mayor capacidad 
aerobia  que los  caballos  con rendimiento bajo,  evidenciada  por  valores  superiores  de 
VO2, VO2pico, TV, VE y RAnT, estando estas características implicadas en un tiempo de 
ejercicio hasta la fatiga más prolongado. 
PALABRAS  CLAVE.  Caballos.  Capacidad  aerobia.  Ergoespirometría.  Ejercicio. 
Rendimiento. Resistencia. 
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9.9. SUMMARY
BACKGROUND. Respiratory system in one of the main performance-limiting systems, 
even in healthy horses. Respiratory functionality and oxidative potential can be assessed 
by ergoespirometry. 
OBJECTIVES: 1) To assess which ergoespirometric parameters are partly determinant 
factors  of  longer  time  of  exercise  to  fatigue  and  therefore,  greater  performance  in 
endurance  horses;  2)  To  evaluate  exercise-induced  changes  in  the  ergoespirometric 
parameters in endurance horses. 
HYPOTHESIS TO CHECK. It was hypothesized that good performer endurance horses 
would have higher aerobic potential and a longer time of exercise to fatigue. 
MATERIAL AND METHODS.  A total  of  29 endurance  horses  have  been  studied, 
classified into two performance groups according to the trainer's opinion and competitive 
results the six months previous to the exercise test. The performance groups were: GP 
(good performers; n=19) and LP (low performers, n=10). All the horses were subjected to 
an treadmill exercise test, preceeding by a warming-up period (5 min at walk and 5 min at 
trot, with the treadmill flat), and followed by a first workload at 5 m/s. After that, the 
velocity was increased every 3 min by 1 m/s, with the treadmill inclined 6%, until the 
horses were unable to keep the required velocity. Exercise test finished with a warming-
down period (5 min at trot and 5 min at walk, with the treadmill uninclined). During the 
test, horses wore a respiratory mask and the following parameters were obtained: tidal 
volume (TV), respiratory rate (RR), O2 uptake (VO2), peak O2 uptake (VO2peak) and CO2 
production  (VCO2).  From  these  parameters,  the  following  variables  were  calculated: 
minute  ventilation  (VE),  ventilatory  equivalents  for  O2 (EqO2)  and  CO2 (EqCO2), 
respiratory  exchange  ratio  (RER),  velocity  at  which  RER was  higher  than the  unity, 
running economy (RE), respiratory aerobic threshold (RAT) and, respiratory anaerobic 
threshold  (RAnT).  Furthermore,  heart  rate  (HR)  was  monitored  and  exercise  time to 
fatigue (ETF), duration of the exercise until the horses were not able to keep the required 
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velocity (excluding warming-up and warming-down periods), was recorded. 
RESULTS  .  Ergoespirometric  differences  in  endurance  horses  with  different 
performance.  Horses  of  group  GP had  higher  TV and  VE.  Because  GP horses  were 
heavier than LP horses, these variables were normalized as a function of body weight. 
After  normalization,  differences  in  TV  and  VE  between  GP  and  LP  decreased,  but 
persisted at high exercise velocities (8 m/s). VO2 was higher in group GP at 7 and 8 m/s, 
and similarly, VO2peak was higher in group GP (46.44 ml/kg/min in GP; 31.98 ml/kg/min 
in LP). There were not significant differences in RER, but the velocity at which RER 
reached values higher than the unity was higher in GP horses.  Significant differences 
between GP and LP groups in HR, RAT, EqO2 and EqCO2 were not found, whereas GP 
horses  showed  higher  RAnT values  (7.933  m/s  in  GP;  7.142  m/s  in  LP).  ETF  was 
significantly longer  in horses GP (766.6 s in GP; 655.7 s in LP).  A longer ETF was 
associated with higher VO2, VO2peak, TV, VE and RAnT and lower RE. Effect of exercise 
on the ergoespirometric parameters in endurance horses. A linear relationship between 
treadmill velocity and the following parameters was found: TV, VE, RR, VO2, VCO2. and 
HR. LP horses were not able to increase significantly VO2 during exercise, whereas GP 
horses exhibited a progressive increase of this parameter. 
CONCLUSIONS. Good performer endurance horses had a greater aerobic capacity than 
low performers, showing higher values of VO2, VO2peak, TV, VE and RAnT, and these 
characteristics appear to be implied in a longer time of exercise to fatigue. 
KEY  WORDS. Aerobic  capacity.  Endurance.  Ergoespirometry.  Exercise.  Horses. 
Performance. 
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10. STUDY III.
Cardiovascular and Metabolic Indices 
in Endurance Horses with Different 
Performance
(Índices de funcionalidad cardiovascular y metabólica en caballos de 
resistencia con diferente rendimiento)
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10.1. INTRODUCTION 
“Although the cardiovascular system is only one of the several  systems which  
affect the overall performance of an athlete, no one will argue its importance” (Fregin 
and Thomas, 1983).
Valuable  contributions  from  man’s  social  and  economic  advancement,  to 
physiology and to medicine has been achieved by using the equine species. For example, 
regarding the cardiovascular system, the blood pressure and the second heart sound was 
determinate first in these animals (Fregin and Thomas, 1983).
The majority of attempts at evaluating of exercise tolerance and fitness are based 
on  heart  rate  (HR)  and  blood  lactate  (LA)  concentration,  measured  during  or  after 
exercise  (Persson,  1983).  The  major  aim of  integrated  cardiovascular  function  is  the 
transport  of O2 from the small respiratory airways  to the mitochondria in the skeletal 
muscle and the transport of waste products, such as, CO2, in the opposite direction (Rose 
and Evans, 2006). Cardiovascular system is closely related to physical performance in the 
athletic  horse.  While  other  animals  have  evolved  in  accordance  with  the  law of  the 
nature,  the  horse  has  been  selected  for  thousand  of  years  based  upon  athletic 
performance. This practice has produced a disproportionate increase in the horse’s heart 
size and pumping capacity compared to lung capacity (Poole and Erickson, 2004). The 
cardiovascular system of the horse has remarkable reserves of red cell volume and HR 
during exercise. These two factors give the horse a superior O2 transport capacity during 
maximal exercise due to its particular spleen, which can add an extra volume of red blood 
cell to the circulation during exercise, and to its magnificent heart. The assessment of the 
cardiovascular system of equine athletes during a standardized exercise test, therefore, is 
routine and compulsatory at many centers (Evans, 1994). 
The anatomy of the equine heart is similar to other mammals (Evans, 1994). The 
heart mass in Thoroughbred horses is about 1 % of body weight (BW). However, trained 
horses have slight higher (1.1 %) than untrained horses (0.94 %), suggesting that training 
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causes hypertrophy of cardiac muscle (Buhl et al., 2005; Fonseca et al., 2010; Ohmura et  
al., 2013). The size of the heart is a key determinant of maximum stroke volume, cardiac 
output and hence aerobic capacity and exercise performance (Poole and Erickson, 2004). 
Depending  upon  the  activity  undertaken  by  the  horse  (e.g.  digestion,  thermal 
stress,  exercise),  the cardiovascular  system distributes  the cardiac  output  amongst  the 
appropriate organs (Poole and Erickson, 2004). At the transition from rest to exercise, the 
cardiovascular system needs a great adjustment to accommodate the very large increase 
in cardiac output (Rose and Evans, 2006). Exercising skeletal muscle may receive 80-90 
% of cardiac output compared with only 10-20 % at rest. From rest to maximal exercise, 
skeletal muscle blood flow may increase over 60-70-fold (Poole and Erickson, 2004).
Exercise results in coordinated changes in almost all body systems. Contraction of 
muscles consumes adenosine triphosphate (ATP). Energy production (ATP resynthesis) 
can be achieved for brief periods of time by anaerobic metabolism, with LA production 
(Hinchcliff  and Geor,  2004). Measurements of blood LA accumulation in response to 
exercise has been widely used in equine exercise physiology and sport medicine, in order 
to:  1) assess  the intensity of  training and to design  training programmes  (Fregin  and 
Thomas, 1983; Persson, 1983; Foreman et al., 1990; Muñoz et al., 1998; 1999; Campbell, 
2011); 2) To assess fitness or potential athletic ability (Persson, 1983; Castejón  et al., 
1994; Muñoz et al., 1997; Davie and Evans, 2000; Fraipont et al., 2011; Stefansdottir et  
al.,  2014);  3)  To  characterize  the  work  intensity  and  metabolic  demands  of  specific 
sports, such as polo (Craig  et al., 1985; Ferraz  et al., 2010), showjumping (Art  et al., 
1990; Sloet van Oldruintenborgh-Oosterbaan et al., 2006) and 3-day event (White et al., 
1995; Muñoz et al., 1999; Serrano et al., 2002). 
Exercise and muscle contraction is maintained by a continuous ATP resynthesis. 
In moments of intense energy demand, two main ways of muscle ATP resynthesis exits: 
the rephosphorilation of adenosine diphosphate (ADP) and the miokinase (MK) reaction. 
In  the  first  reaction,  two molecules  of  ADP leads  to  one  molecule  of  ATP and  one 
molecule of adenosine monophosphate (AMP). In the MK reaction, ADP and AMP leads 
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to  one  molecule  of  ATP.  Increased  concentrations  of  muscle  AMP  activates  AMP-
desaminase, activating the pathways of purines with acid uric (AU) production. As the 
reaction  of  AMP-desaminase  with  inositol  monophosphate  production  (IMP)  is 
irreversible, activation of these reactions is accompanied by a net loss of adenosine and 
therefore, a loss of capacity for a proper ATP resynthesis. Loss of ATP in specific muscle 
fibres has been associated with fatigue, in human beings (Vollestad, 1995; Noakes, 2000; 
Steele and Duke, 2003) and horses (Harris et al., 1991; 1997; Schuback et al., 1999). As 
a  consequence,  UA  accumulation  has  been  considered  a  marker  of  metabolic 
performance in different  types  of exercises (Räsänen  et al.,  1995; Evans  et al.,  2002; 
Castejón et al., 2006; Trigo et al., 2010). 
From  the  linear  regression  between  HR  and  velocity,  two  cardiovascular 
performance indices are obtained: V150  and V200,  which represents exercise velocity in 
which  the  HR  reaches  150  and  200  beats/min,  respectively.  Regarding  exponential 
relationship between blood LA accumulation and exercise velocity, two metabolic indices 
can be obtained: VLA2 and VLA4, exercise velocities at  which blood LA concentrations 
achieve  2 and  4 mmol/l  respectively.  Finally,  from the  relationship between  HR and 
blood  LA  accumulation,  other  two functional  indices  are  derived:  HRLA2  and  HRLA4, 
which represents the HR when the animal has blood LA concentrations of 2 and 4 mmol/l 
respectively (Castejón  et al.,  1994; Muñoz  et al.,  1997; 1998; 1999; 2005; Couroucé, 
1999; Couroucé  et al., 1999; Kabayashi  et al., 1999; Ohmura  et al., 2002; Leleu  et al., 
2005; Vermeulen and Evans, 2006; Lindner, 2010; Fraipont et al., 2011; 2012). 
The current study analyses the differences in cardiovascular and metabolic indices 
in two groups of endurance horses with different performance. Performance indices were 
calculated  from treadmill  standardized exercise tests.  The horses  studied come to  the 
CEMEDE to get a performance diagnosis. This diagnosis should permit identification of 
horses that have better fitness and training levels, and therefore, would be able to perform 
better in competition. Additionally, it would permit to assess the effectiveness of training 
programs for equine endurance competitions. For performance purposes, the horses were 
submitted to standardized exercise tests in order to determine their individual blood LA-
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running velocity and their HR-running velocity relationships.
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10.2. OBJECTIVES AND HYPOTHESIS 
The  present  study  assesses  the  differences  in  cardiovascular  and  metabolic 
performance indices in endurance horses of two different groups with different training 
level and performance. The main objectives are: 
FIRST  .  To assess the differences in cardiovascular and metabolic indices in endurance 
horses with different performance, obtained from a treadmill standardized exercise test. 
SECOND. To  evaluate  the  relationships  between  time  of  exercise  to  fatigue, 
ergoespirometric  variables,  cardiovascular  and  metabolic  indices  in  endurance  horses 
with different performance. 
It  was hypothesized that: 1) Good endurance performers will have significantly 
higher  values of cardiovascular  (V150,  V200),  metabolic (VLA2,  VLA4), HRLA2, HRLA4 and 
lower plasma UA accumulation than endurance horses with lower performance. These 
characteristics  would  be  the  consequence  of  a  higher  aerobic  potential  and  a  better 
metabolic  adaptation  to  energy  requirements  and;  2)  There  will  exist  significant 
correlations  between  peak  O2 uptake  (VO2peak),  respiratory  thresholds,  respiratory 
exchange  ratio  (RER),   and  exercise  time  to  fatigue  (ETF)  and  cardiovascular  and 
metabolic performance indices. 
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10.3. LITERATURE REVIEW
10.3.1. CARDIOVASCULAR PARAMETERS
10.3.1.1.  IMPORTANCE  OF  CARDIOVASCULAR  PARAMETERS  IN  THE 
PERFORMANCE HORSE
It is widely accepted that maximal O2 uptake (VO2max) is one of the most useful 
parameters  in order  to evaluate aerobic work capacity.  However,  this measurement  is 
difficult to perform because of the necessity of special monitoring equipment, such as 
treadmill  or  portable  equipment.  In  addition,  the  type  of  device  could  influence  the 
obtained results (Curtis et al., 2005; Art et al., 2006; Van Erck et al., 2007; Ramseyer et  
al.,  2010).  For  practical  evaluation  of  aerobic  work  capacity  in  field  situations,  it  is 
preferable to use parameters that can be recorded easily during daily training, such as HR 
(Ohmura et al., 2002). A significant relationship between O2 uptake (VO2) and HR exists. 
In Thoroughbred horses exercising on a treadmill, VO2 can be predicted reasonably well 
from HR. The equation, applicable for HRs lower than 200 beats/min, is: 
VO2 (ml/min/kg)= 0.833 (HR, beats/min) – 54.7 (Eaton et al., 1995). 
Similarly,  relative  HR  during  treadmill  exercise,  expressed  as  percentage  of 
maximal HR, is also a good predictor of VO2. 
Percent of VO2max= 1.384 (% of maximal HR) – 41 (Eaton et al., 1995). 
A horse resting HR depends mainly on the relaxation on the individual. In relaxed 
horses, HR values of 25 to 40 beats/min have been described. Fear or excitement can 
elevate the HR easily (Evans, 1994). 
Cardiac  output  is  defined  as  the  volume  of  blood  ejected  from  the  ventricle 
expressed as a function of the time. It is the most important means of increasing muscle 
O2 delivery during exercise and is the main determinant of VO2max (Poole and Erickson, 
2004).  Stroke volume is the volume of blood ejected per beat  from the ventricle and 
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increases from about 1000 ml at rest to 1700 ml or higher at maximal exercise intensity 
(Thomas  and  Fregin,  1981;  Bayly  et  al.,  1983;  Thomas  et  al.,  1983;  Evans,  1994). 
Increases in cardiac output are driven most powerfully by HR with a smaller contribution 
from elevated stroke volume (Poole and Erickson, 2004). For example, in horses with 
BWs of 450 to 550 kg and at resting HR of 32 to 45 beats/min, cardiac output is 30 to 45 
l/min and stroke volume is 600 to 1000 ml/beat  (Fregin and Thomas, 1983). Very fit 
Thoroughbred horses  present  cardiac  output  values  higher  than  350  l/min  and  it  is 
accepted that superlative athletes could achieve values of 400 l/min. Increased cardiac 
output in combination with the splenic-induced polycythemia may elevate O2 over 20-
fold from rest to maximal exercise (Poole and Erickson, 2004; Wilkins et al., 2005). 
10.3.1.2. HEART RATE DURING EXERCISE AND RECOVERY IN THE HORSE
Prior  to  the exercise,  there  is  an anticipatory response,  which ocurs  in  equine 
athletes  as  it  does  in  human  and  canine  athletes  and  as  a  consequence,  resting  HR 
increases (Persson, 1983; Angle  et al., 2009; Baragli  et al., 2011). During steady state 
exercise,  the  HR  rises  rapidly  at  the  onset  of  exercise,  reaching  a  maximum  in 
approximately 30 to 60 s, and then often drops before reaching a 'plateau' (Krzywanek et  
al., 1970; Lindholm and Saltin, 1973; Pan  et al., 1984). The initial peak rate will vary 
between individuals and will depend on the intensity of the effort, characteristics of each 
individual  horse  (temperament,  experience,  and  training),  and  warming-up  period 
protocol (Persson 1967; Bassan and Ott, 1968; Persson and Lydin, 1973; Evans and Rose, 
1988; Hodgson  et al., 1990). Furthermore, increases in HR due to incremental tests, or 
long continuous exercises, tend to be more gradual (Persson and Ullberg, 1974). 
During  an  exercise  of  progressively  increasing  velocity,  a  linear  relationship 
between velocity and HR has been described (Fregin and Thomas, 1983; Evans, 1985; 
Evans and Rose, 1988; Hodgson et al., 1990; Castejón et al., 1994; Muñoz et al., 1997; 
1998; Couroucé  et al., 2002; Ohmura  et al., 2002; Leleu  et al., 2005; Vermeulen and 
Evans, 2006; Lindner, 2010). This linear relationship is maintained only between 120 and 
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210 beats/min. HR values lower than 120 beats/min are affected by sympathetic drive and 
HR values higher than 210 beats/min are approching to the maximal HR, HRmax (Persson, 
1983; Evans, 1985). Traditionally,  it  has been considered that, as oppossite as happen 
with VO2max, HRmax is not an important measure of fitness and it does not change with 
training. A HRmax of 240-250 beats/min was assumed for all the horses (Persson, 1983; 
Evans,  1985).  More  recently,  however,  it  has  been  shown  that  age,  fitness  status, 
laboratory procedure, gender and breed/use were all statistically significantly predictive 
of HRmax. Together these variables accounted for 41% of the variance in HRmax. Age alone 
accounted for only approximately 13% of the variation between horses in HRmax (Vincent 
et al., 2006). Similarly, running ability of Thoroughbred racehorses was correlated with 
VO2max,  and  the  velocity  at  which  VO2max is  attained  was  highly  correlated  with  the 
velocity at HRmax (VHRmax) (Gramkow and Evans, 2006). Each horse has an individual 
HRmax which  is  reached  at  different  velocities.  However,  once  HRmax is  reached,  an 
increase in speed will not result in any further increase in HR (Evans, 1985). 
The slope of the regression between submaximal HR and work velocity varies 
between breeds and between individuals within a breed, which may be related to athletic 
ability (Couroucé, 1999). Within an individual, the HR-velocity relationship changes with 
training and fitness level, but can also be affected by certain clinical conditions, such as 
lameness,  respiratory  disease,  infection  and  polycythemia,  as  well  as  the  level  of 
excitement (Kobayashi et al., 1999; Harris et al., 2007; McGowan and Whitworth, 2008). 
Therefore, this regression can be used in the assessment of fitness in performance horses 
(Castejón  et  al.,  1994;  Muñoz  et  al.,  1997;  Couroucé,  1999;  Rose and  Evans,  2006; 
Fraipont et al., 2011; 2012). 
Following exercise, HR decreases rapidly within the first minute after completion 
of the work effort. The slope of the post-exercise recovery rate and the time required for 
HR to reach back resting levels depends on several factors: duration and intensity of the 
work  intensity,  level  of  fitness  of  the  horse,  and  some  extrinsic  factors  such  as 
temperature and humidity (Fregin and Thomas, 1983; Bitschnau et al., 2010). In man, a 
marked  interdependence  of  endurance  exercise  training on HR recuperation  has  been 
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reported, with a faster recovery in highly trained individuals (Hagberg et al., 1980). HR 
recovery  recorded  during  standardized  conditions  may  be  interpreted  as  a  practical 
measure of the human body's current capacity to respond to exercise stress (Borresen and 
Lambert,  2007).  HR  recovery  after  exercise  is  one  important  performance  index  in 
endurance horses (Robert et al., 2002; Trigo et al., 2010; Fielding et al., 2011; Fraipont 
et al., 2012). 
10.3.1.3. CARDIOVASCULAR PERFORMANCE INDICES 
There are different performance indices associated with HR. The more important 
are  derived  from  HR/work  relationship  and  HR/relocity  relationship.  However,  it  is 
important to mention that exercise  HR is also influenced by exogenous factors, such as 
harness,  air  resistance  in  track  exercise,  differences  in  treadmill  design  and  surfaces, 
slope on the treadmill and breathing mask (Persson, 1983). 
The  HR/velocity  relationship  is  very  precise  and  reproducible,  if  a  strict 
standardization of the test is carried out. However, in addition to adaptation to increased 
exercise  intensity,  HR is  also affected  by apprehension and anxiety,  as  mention with 
resting  HR,  and  these  responses  to  exercise  are  larger  at  relative  lower  workload 
(Persson, 1983). For this reason, as explained before, HR relationship with work intensity 
is only linear between about 120 and 210 beats/min (Persson and Ullberg, 1974). 
10.3.1.3.1. V150
From the linear relationship between HR and velocity, V150 or velocity of exercise 
that induces a  HR of 150  beats/min, is obtained. This index was firstly introduced by 
Persson  (1967;  1983)  in  order  to  define  an  specific  exercise  intensity  that  allows 
interindividual comparisons. This author compared three groups of Standardbred trotters: 
group 1, was formed by untrained young horses, group 2 was formed by trained stallions 
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aged more than 4 years and group 3 was formed by trained mares and geldings aged more 
than 4 years. Groups 2 and 3 were similar in racing performance. V150 values of 5.34, 6.24 
and 6.34 m/s were found (Persson, 1967). Therefore, it seems that trained horses, with 
better performance, show higher V150 values. This fact has been confirmed by many other 
authors after this preliminary work (Valette et al., 1991; Castejón et al., 1994; Muñoz et  
al., 1997; 1998; 1999; 2005; Couroucé-Malblanc et al., 2010). 
Persson (1967), in  Standardbred trotters found significant relationships between 
V150,  total  blood  volume,  total  hemoglobin  concentration  and  BW.  From  these 
relationships, V150 started to be considered a marker of the O2 transport capacity in the 
horse. Further, Persson (1967; 1983; 1997) defended that these relationships were more 
significant in stallions, because of the positive effect of testosterone on erythropoiesis. 
Longitudinal  studies  performed  in  horses  have  demonstrated  that  V150 values 
undergo a progressive  increase  during training (Erickson  et  al.,  1987a; Muñoz  et  al., 
1998).  This  finding  has  been  associated  with  a  possitive  effect  of  training  and  an 
increased aerobic potential. In fact, a positive correlation between V150 and VLA2 has been 
suggested to exist (Valette et al., 1991; Castejón et al., 1994; Muñoz et al., 1997). More 
importantly, a reduction of V150 values during training might lead to suspiction of disease. 
High submaximal HR values, and therefore, low V150, have been described in horses with 
lameness, and it seems to be a good indicator of locomotor pain and orthopedic disease 
(Erickson  et  al.,  1987b;  Couroucé  et  al.,  1996;  Muñoz  et  al.,  2013).  In  a  previous 
research, Erickson et al. (1987b) described a decrease in V140  (velocity for a  HR of 140 
beats/min) in three Quarter  Horses,  one suffering from osteochondrosis and two from 
tendinitis.  Similarly,  Couroucé  et  al. (1996)  found from a  population  of  100  French 
Trotters,  66  horses  showing  high  HR during  submaximal  exercise.  Among  these  66 
horses,  43 were submitted to a clinical  examination and 40 of them had a confirmed 
orthopedic  disease.  Therefore,  high  submaximal  HR during  exercise,  and  as  a 
consequence,  low V150,  seems to be useful  either to detect  underlying problems or to 
evaluate how a horse tolerales a known disease (Couroucé et al., 1996). 
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10.3.1.3.2. V200
The exercise intensity at which HRmax is reached is highly correlated to VO2max 
(Evans and Rose, 1987). Due to the difficulty in measuring maximal parameters and the 
need of a respiratory mask, Persson (1983) defended the use of the velocity at HR of 200 
beats/min (V200)  in order to define the horse’s capacity for work. However,  Rose and 
Evans  (2006)  consider  that  the  velocity  at  HRmax (VHRmax)  could  be  a  more  precise 
indicator of maximal aerobic capacity because V200 was based on the observation that 
many  horses’  HRs  become  non  linear  with  exercise  intensities  with  HR above  210 
beats/min. As mentioned earlier HRmax is different for different individuals, at a  HR of 
200, a horse with a HRmax of 212 would be working at 94% of HRmax, while a horse with 
HRmax 239  would  be  working  at  84% of  HRmax.  On the  other  hand,  Persson  (1983) 
consider the HR of 200 beats/min suitable as a reference for several reasons. Firstly, at 
210  beats/min as  mentioned  earlier,  HR/velocity  relationship  start  to  deviate  from 
lineality. Secondly, at the same HR, the VO2 start also to deviate and the blood LA levels 
differs  significantly  from resting  value.  Furthermore,  V200 is  a  good  way to  evaluate 
fitness, because an increase in fitness, results in an increase in V200 and we may see a 
decrease  in  V200 for  different  factors  such  as,  loss  of  fitness,  cardiovascular  and 
respiratory  disease,  lameness,  and  increased  BW  (Hinchcliff  and  Geor,  2004).  In 
addition, it is accepted that, even though individual variations may be found at a HR of 
200  beats/min, most horses are close to the point of onset  of blood LA accumulation 
(OBLA, accepted as a blood LA concentration of 4 mmol/l) (Persson, 1983; Wilson et  
al., 1983; Couroucé, 1999). 
Several researchers have been performed in order to assess the effect of different 
tracks, treadmills and riders and the reproducibility of the calculation of V200.  Persson 
(1983) described a very good reproducibility (r=0.980) in the calculation of V200 in two 
tests. Repeatability of cardiorespiratory measurements has been reported by Seeherman 
and  Morris  (1990)  with  an  incremental  exercise  test  in  laboratory  conditions.  Mean 
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variation in the regression analysis of HR as a function of velocity was quite low (5±4 % 
for 2 repetitions of the exercise test). A study of Galloux (1991) concerning only 5 sport 
horses  showed  a  low reproducibility  of  V200 measured  in  field  conditions  (r=0.740). 
Debreucq et al. (1995) subjected eight Standardbred horses to exercise tests in two types 
of tracks, sand race track and sand training track. They found that V200 was significantly 
higher in the tests made in the sand race track. Despite their results, V200 appear to be 
reliable even when the horses  performed the tests  on 2 different  tracks.  The authors, 
however,  emphasized the need  of  further  experiments  by testing a  higher  number  of 
animals on a greater number of tracks. 
Later, Couroucé  et al. (1999) compared V200 obtained in three different exercise 
tests: in two types of tracks (training track vs. racing track) and in uninclined treadmill. 
They did not find significant differences between the two tracks. On the contrary, horses 
presented a lower HR response, and therefore, a higher V200, in the uninclined treadmill. 
They concluded that V200 values are quite repeatable on various tracks, even when the 
surface and geometry vary. 
In the last years, it has been found that V200 values were greater for fillies than for 
colts (Ohmura et al., 2002; Fonseca et al., 2010). It is likely that anticipation to exercise 
by the horses, and in particular by the fillies, resulted in higher pre-sprint HRs, affecting 
the calculation of V200. It has been previously demonstrated that fillies tend to be more 
nervous than colts (Kusunose, 1997) and when a horse is exercised in a relaxed and non-
excitable state, V200 is lower than if the animal were in an excitable state (Kobayashi et  
al., 1999). 
Training leads to a lower response of the HR to a defined velocity and as a result, 
V200 increased  (Muñoz  et  al.,  1998;  Couroucé  et  al.,  2002).  Kobayashi  et  al. (1999) 
followed 112 Thoroughbred horses during 4 years in order to study the effect of training 
on V200. They also investigated the different variables affecting V200. They found that the 
reproducibility of V200 was good under identical conditions, including the same rider and 
type  of  running  track.  In  addition,  they  found  a  progressive  increase  in  V200 during 
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training. The mean V200 in 2-year-old Thoroughbred horses increased from 623±55 m/min 
to 691±64 m/min after 5 months of training. They concluded that V200 could be measured 
easily,  it  is  useful  in  evaluating  training  effect  and  practical  application  under  field 
conditions  is  possible.  Couroucé  et  al. (2002)  studied  a  total  of  194 French  Trotters 
during 6 years, carrying out a total of 1105 standardized field exercise tests. They found 
an increase of V200, both with training and age. 
The  relationship  between  V200 and  performance  has  also  been  evaluated  in 
Thoroughbred and  Standardbred horses. Leleu  et al. (2004; 2005) obtained V200 values 
from 223 French trotters, divided into four groups of age (3, 4, 5 and six, and over) and 
into three groups of performance (good, intermediate and poor performers). Performance 
was defined by an annual index of performance calculated by the national stud. They 
found that for all the ages, V200 values were closely related to the performance of the 
horse  during  the  year  of  the  test.  V200 values  were  higher  for  elite  horses  than  for 
intermediate performers and for intermediate performers than for poor performers (Leleu 
et al., 2004; 2005). V200 appears to be a good predictor of the level of performance of a 
horse in the year of the test, although it was better predictor for young horses aged 3-4 
years  than for  older  horses,  possibly because there  was more variation in the athletic 
ability of the younger horses (Leleu et al., 2004; 2005). By contrast, Lindner (2010) did 
not find correlations between racing time record of horses and their V200. As this author 
studied highly trained athletes, he suggested that the differences in V200 were of minor 
intensity when compared with changes in metabolic (LA) indices. 
It  is clear that, when a horse in training undergo a reduction in V200, a clinical 
examination  is  warranted.  As  indicated  before,  a  reduction  in  V150 and  V200 during 
training  can  be  an  indicator  of  pain  of  orthopedic  disease  (Erickson  et  al.,  1987b; 
Couroucé et al., 1996). Furthermore, respiratory diseases also can lead to increased HR in 
response to exercise and reduced V200 values. Couroucé-Malblanc et al. (2002) compared 
V200 values from control  horses,  with good racing performance with horses with both 
upper  and  lower  respiratory  diseases,  horses  with  exercise-induced  pulmonary 
hemorrhage,  horses with small airway inflammation and other conditions. They found 
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that, during exercise,  the poor performer groups had higher  HR compared to controls 
(Couroucé-Malblanc et al., 2002). 
Little information regarding V150 and V200 values exist for the endurance horse. In 
Arabian endurance  horses,  a relationship between  HR and running velocity showed a 
linear relationship (r=0.750) (Cottin et al., 2010). Fraipont et al. (2011) compared 11 fit 
and well-performing endurance horses with 18 horses that completed their races at low 
speeds or exhibited prolonged recovery after endurance racing (intermediate performers) 
and  9  horses  eliminated  from  competition  because  of  metabolic  problems  (poorly 
performing horses). The animals were subjected to both field and treadmill exercise tests. 
V200 values obtained for control, intermediate performers and poorly performers were: in 
treadmill, 6.44, 5.19 and 6.17 m/s, respectively and in field conditions, 7.35, 6.38 and 
4.44 m/s. The authors did not provide any explanation for the higher values of V200 in the 
treadmill exercise tests in the poorly performers compared to intermediate performers.
More  recently,  Fraipont  et  al. (2012)  compared  V200 values  in  two groups  of 
endurance horses: those that competed in races fo 60-90 km (group A) and those that 
competed in races from 120 km to more (group B). V200 values were higher in group B 
both in treadmill and in field tests (treadmill: 38.8 ± 3.97 km/h; field: 42.8 ±  3.15 km/h) 
than group A (treadmill: 34.7  ±  4.82 km/h; field: 33.5  ±  4.92 km/h) (Fraipont  et al., 
2012). 
10.3.2. METABOLIC PARAMETERS
Endurance competitions are extremely difficult from a metabolic point of view, 
and for  this  reason,  the  correct  metabolic management  and training of  the endurance 
horse is of the extreme importance (Barton et al., 2003; Bergero et al., 2005; Castejón et  
al.,  2006; Muñoz  et  al.,  2006; 2010a,b; Schott  et  al.,  2006; Trigo  et  al.,  2010).  Two 
markers of metabolism in skeletal muscle are concentrations of blood LA and UA after 
exercise (Schuback and Essén- Gustavsson, 1998; Evans et al., 2002). For this reason in 
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this part of the review we are going to focus on these two parameters. 
10.3.2.1. LACTATE RESPONSE TO EXERCISE
Lactate (LA) is a product of muscular metabolism and accumulates in muscle and 
blood at high intensities of exercise (Couroucé, 1999). It moves out from the muscle and 
into other tissues by diffusion and by active transport. It is metabolized to CO2 and water 
in  well-oxygenated  metabolic  active  tissues,  or  it  may  be  recycled  to  glucose  and 
glycogen in the liver, kidney, and inactive muscle cells (Derman and Noakes, 1994).
Muscle cannot contract without a biochemical source of energy provided by the 
cleavage  of  high-energy  phosphate  bonds  within  ATP.  ATP  is  required  for  normal 
cellular metabolism and in the contractile cross-bridge cycle. ATP can be resynthesized 
through aerobic and anaerobic pathways. Aerobic pathways consist in ß-oxidation of free 
fatty  acids,  the  tricarboxylic  acid  cycle  and  oxidative  phosphorylation  combined  to 
produce ATP aerobically. Anaerobic pathways to rephosphoryle ATP can be divided into 
two  mechanisms.  The  first  system  involves  high-energy  phosphate  transformations 
involving the coupling of the creatine kinase (ADP+phosphocreatine " ATP+creatine), 
adenylate kinase (ADP+ADP  " ATP + AMP) and AMP desaminase (AMP + H20 " 
IMP + NH3) enzyme systems (Bendahan et al., 1985; Krustup et al., 2003; Kappenstein 
et al., 2013).
The second anaerobic pathway involves glycolysis acting independently from the 
oxidative  pathways.  Blood  glucose  or  intracellular  glycogen  are  metabolized  in  the 
glycolytic pathways resulting in the formation of two pyruvate molecules and which, in 
the absence of O2, are converted to LA (Spriet et al., 2000). 
Both aerobic and anaerobic pathways  are generally active during exercise,  the 
relative contribution within each muscle depends on the nature, intensity and duration of 
the exercise, fibre types, availability of O2 and substrates and relative concentrations of 
intermediary  metabolites  that  might  potentially  activate  or  inhibit  selected  enzymes 
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(Eaton, 1994; De Feo et al., 2003; Lacombe et al., 2003; Spriet and Watt, 2003; Evans, 
2007). Thus, at the beginning of a low-intensity exercise, when O2 is available, energy 
depends largely on the metabolism of glycogen via aerobic pathways (Valberg,  1986; 
Davie  et al., 1999; Lacombe  et al., 2003; Eto  et al., 2006; McCutcheon  et al., 2006). 
Within  a  few  minutes,  glucose  and  free  fatty  acid  concentrations  rise  in  blood  and 
following  20-30%  muscle  glycogen  depletion,  there  is  a  shift  towards  fat  oxidation 
(Valberg et al., 1989; Frape, 1993; Muñoz et al., 2002; Westermann et al., 2008). With 
higher energy demands, muscle ATD/ADP ratio decreases, thus providing a stimulus for 
energy resynthesis via anaerobic mechanism. The activity of the key regulatory glycolytic 
enzyme phosphofructokinase increases, and results in a greater production of pyruvate 
via glycolysis  (Krause and Wegener,  1996; Kawai  et al.,  2004; Kitaoka  et al.,  2011). 
When  the  availability  of  O2 becomes  a  limiting  factor,  more  and  more  pyruvate  is 
converted to LA. Therefore, as exercise intensity increases, a greater proportion of energy 
is supplied by anaerobic pathways (Schuback and Essén-Gustavsson, 1998; Eto  et al., 
2004; Ohmura et al., 2010). The point when the increased rate of LA production can be 
observed  in  the  bloodstream  is  known  as  the  anaerobic  threshold  (Couroucé,  1999; 
Gondim et al., 2007; Lindner, 2010). Therefore, a marked accumulation of LA, both in 
muscle and blood, is seen only when the intensity of exercise exceeds the anaerobic or 
LA threshold (Castejón  et al., 1994; Kronfeld  et al., 1995; 2000; Muñoz  et al., 1997; 
1998; 1999; Couroucé, 1999; Lindner, 2010). 
Blood LA concentrations after competition are related to the fitness of the horse 
and the intensity and duration of exercise. Thus, the higher blood LA concentrations are 
found after galloping racing (29-30 mmol/l), followed by trotting racing (20-24 mmol/l), 
three-day event and showjumping competitions (10-15 mmol/l). The lowest  blood LA 
concentrations are found after endurance racing (2-3 mmol/l) (Harris and Snow, 1992; 
Desmecht  et al., 1996; Muñoz  et al., 1999; 2010a,b; Evans  et al., 2002; Barton  et al., 
2003; Nostell et al., 2006), even though these concentrations might be higher at specific 
point of the competition, when more energy resynthesis is required (Barton et al., 2003). 
After cessation of the exercise, the rate of O2 uptake remains elevated (Langsetmo 
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and Poole 1999) and therefore, blood LA concentrations continues increasing, with peak 
concentrations attained 2-10 min post-exercise because of the release from the muscle.  
The rate of LA removal from blood depends on the red blood cell number, breed, 
training and metabolic state. Following high-speed treadmill exercise, the half life of LA 
is  decreased  by  50%  in  exercising  horses  compared  to  those  that  remain  stationary 
(Marlin et al., 1987; Pösö, 2002; Dahl et al., 2006). From plasma, LA is transported into 
red  blood  cells,  liver,  heart,  all  non-contractive  muscles  and  other  tissues.  The  liver 
converts LA back to glucose, and the heart fibres use LA directly for energy. In addition, 
and more importantly, during and after exercise, some utilization of LA can be done in 
type I or oxidative muscle fibres. Therefore, skeletal muscle with oxidation of LA by all 
fibres types is crucial after exercise, due to the large muscle mass of the horse (Pösö, 
2002;  Schott  et  al.,  2002).  Red blood cells  have active monocarboxylate  transporters 
(MCT) on their plasma membranes, and they efficiently and rapidly take up LA from 
plasma, being one of the most important mechanisms of LA removal from blood (Pöso, 
2002; Mykkänen et al., 2010). 
10.3.2.2. LACTATE PERFORMANCE INDICES
Blood LA response to specific velocities of exercise has been used in numerous 
studies of exercise testing in order to assess performance, training and fitness (Castejón 
et al., 1994; Couroucé et al., 1997; 1999; 2002; Muñoz et al., 1997; 1998; 1999; 2013; 
Couroucé, 1999; Davie et al., 2002; Prince et al., 2002; Trilk et al., 2002; Gondim et al., 
2007; Fraipont et al., 2011; 2012; Lindner et al., 2013; Miranda et al., 2014; Stefansdottir 
et al., 2014). Initially, measurements of blood LA concentrations after maximal exercise 
were  used  to  estimate  anaerobic  capacity,  defined  as  the  ability  of  an  individual  to 
resynthesize ATP via anaerobic metabolism (Saibene et al., 1985; Räsänen et al., 1995; 
Evans et al., 2002; Eto et al., 2004; Ohmura et al., 2010). 
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However, it has been found that blood LA concentrations after maximal exercise 
to fatigue do not change with training (Evans et al., 1995). In the same way, blood LA 
concentrations  after  maximal  exercise  do  not  appear  to  be  correlated  with  racing 
performance in trotters or Thoroughbreds (Evans et al., 1993; 2002). In fact, Evans et al. 
(2002) measured blood LA concentrations after races of 1760 and 2160 m. There were no 
significant differences between race distances for prerace and 8 min post-race plasma LA 
concentrations.  Additionally,  significant  low correlation coefficients were obtained for 
plasma LA concentrations 8 min post-exercise and the number of race wings (r=0.290), 
number  of  race  placing  (1st,  2nd,  and  3rd,  r=0.340)  and  lifetime  earnings  (r=0.290). 
Therefore, currently, it is accepted that blood LA concentration after maximal effort is 
not a useful marker of fitness in the horse (Harkins  et al., 1993; Ronéus  et al., 1994; 
1999; Räsänen  et al., 1995; Evans  et al., 1993; 1995; 2002), although they should be 
included in multifactorial studies. 
Saibene  et  al. (1985),  on  the  opposite,  suggested  that  the  rate  of  blood  LA 
accumulation during a maximal field exercise over distances up to 400 m was closely 
related to speed in Standardbreds, Thoroughbreds and polo horses. Nevertheless, it seems 
unlikely  that  any  physiologic  measurement  after  brief,  maximal  intensity  exercise  to 
estimate  anaerobic  capacity  will  be  more  closely  related  to  fitness  than  a  simple 
measurement of maximal speed during 40-50 s of exercise (Ronéus et al., 1994; 1999)). 
In conclusion, blood LA response to maximal exercise has limited usefulness as a 
measure of fitness in the horse. However, blood LA response to moderate or submaximal 
speed  exercise  is  a  useful  technique  for  differentiating  poor  performers  and  good 
performers,  and for monitoring the changes in fitness during training (Castejón  et al., 
1994; Muñoz et al., 1997; 1998; 1999). In this context, we should take into account the 
concept of anaerobic threshold, which has been defined as the level of work just below 
that at which metabolic lactic acidosis occurs  (Wasserman  et  al.,  1973).  The aerobic-
anaerobic  transition  or  onset  of  blood  LA  accumulation  (OBLA)  has  been  defined 
empirically as 4 mmol/l blood LA concentrations (VLA4, velocity of exercise at blood LA 
concentrations  of  4  mmol/l).  Below this  level  of  activity,  the  initial  increase  in  LA 
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production is followed by a steady state in which LA utilization and production are equal 
(Kindermann et al., 1979; Figueira et al., 2008). A similar concept is the maximal lactate 
steady speed (MLSS) which is defined as the break point of the curve of blood LA  vs. 
velocity  during  an  incremental  exercise  (Denadai  et  al.,  2005;  Gondim  et  al.,  2007; 
Lindner, 2010; Greco et al., 2012; Miranda et al., 2014).
Despite VLA4 is calculated during a submaximal exercise test, it is related to racing 
performance  and  seems  to  be  the  most  important  measurement  to  assess  changes  in 
fitness in horses.  Therefore,  a higher VLA4 value has been considered an indication of 
superior exercise capacity and related to racing performance (Evans et al., 1993; Ronéus 
et al., 1994; Couroucé  et al., 1997; Couroucé, 1999; Leleu  et al., 2005; Fraipont  et al., 
2012).  Trained horses  have higher  VLA4 values (Persson  et  al.,  1983; Thornton  et  al., 
1983; Evans  et al., 1995; Muñoz  et al., 1998; Eaton  et al., 1999; Serrano  et al., 2000; 
Gerard et al., 2002) and detraining leads to decreased VLA4 values (Harkins et al., 1993; 
Serrano  et al., 2000). In addition, horses with subclinical diseases that could affect gas 
exchange during exercise, such as airways diseases, have lower VLA4 values than expected 
or undergo a reduction in VLA4 in response to training instead of an increase (Rose et al., 
1995; Couroucé, 1999; Couroucé-Malblanc et al., 2002; 2010; Art and Van Erck, 2008; 
Fraipont et al., 2011; Muñoz et al., 2013). 
10.3.2.3. URIC ACID CONCENTRATIONS
It has been demonstrated that during maximal exercise, total muscle ATP content 
decreases  significanty  (Snow  et  al.,  1985;  Harris  et  al.,  1991;  Sewell  et  al.,  1992). 
Oxidative  phosphorylation  in  the  mitochondria  and  substrate  phosphorylation  during 
glycolysis are the main pathways of ADP rephosphorylation, but the reaction catalized by 
the  MK  may  also  contribute.  In  this  reaction,  ATP  resynthesis  occur  through  ADP 
rephosphorylation. Two molecules of ADP are used to produce 1 molecule each of ATP 
and AMP. In order to avoid a large accumulation of AMP in the cell and to drive the 
reaction toward the synthesis of ATP via a mass action effect, the other product, AMP is 
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further deaminated to IMP by the enzyme AMP deaminase (Räsänen et al., 1993; 1995; 
1996; Evans et al., 2002; Castejón et al., 2006). This leads to a depletion of the adenine 
nucleotide pool, which in working muscle is reflected by the increases in concentrations 
of  ammonia  and  IMP  (Harris  et  al.,  1991;  Räsänen  et  al.,  1993).  IMP  is  further 
metabolized  via  iosine,  hypoxantine,  xanthine,  and  UA  to  allantoin,  and  as  a 
consequence,  increased  concentrations  of  hypoxantine,  xanthine  and  UA are  detected 
after exercise (Räsänen et al., 1993; 1995; 1996; Schuback et al., 1999; Alberghina et al., 
2011). 
Inter-species differences in exercise-induced increases in plasma concentrations 
of  hypoxanthine  and  UA  have  been  found.  In  exercising  people  and  pigs,  plasma 
concentrations  of  hypoxanthine  increases  significantly,  but  in  trotting  horses,  the 
increases  are  smaller  (Hellsten Westing  et  al.,  1989;  Harris  et  al.,  1991; Pösö  et  al., 
1992). The concentrations of UA increases significantly in exercising people and horses, 
but  not  in pigs  (Hellsten-Westing  et al.,  1989; Harris  et  al.,  1991; Pösö  et  al.,  1992; 
Räsänen  et al., 1993; 1995). It has been demonstrated that, in horses, exercise-induced 
breakdown of ATP continues until allantoin is produced (Räsänen et al., 1993; 1995). In 
human beings,  UA is the end product  of  this  cascade,  whereas  in  the horse,  the end 
product is allantoin (Hellsten Westing et al., 1989; 2001; Räsänen et al., 1993; 1995). 
Plasma/serum  UA  concentrations,  therefore,  represent  a  net  loss  of  muscular 
adenosine  and  ATP  in  muscle,  which  is  accepted  to  be  one  factor  involved  in  the 
development of fatigue. This point has been demonstrated in short maximal exercise tests 
or speed racing (Räsänen et al., 1995; Schuback and Essén-Gustavsson, 1998; Evans et  
al., 2002). At the onset of fatigue, muscle LA concentrations were high enough to move 
the pH to  levels  low enough  to  stimulate  the  enzyme  AMP-deaminase.  With intense 
exercise, increased muscle LA concentrations and reduced muscle pH to a mean value of 
6.5 have been reported (Lovell  et al., 1987). These findings,  together  with significant 
increases  in  muscle  ADP  and  AMP  after  exercise  suggest  a  stimulation  of  AMP-
deaminase  reaction,  with  loss  of  purine  nucleotides  from  muscle  and  incapacity  to 
completely  resynthesize  muscle  ATP  concentrations  (Wheeler  and  Lowestein,  1979; 
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Schuback et al., 1999). 
As UA concentrations are considered anaerobic markers, they were not measured 
initially  in  endurance  exercises.  When  exercise  is  performed  at  lower  submaximal 
intensities, the major part of the energy comes primarily from aerobic processes, and the 
availability  of O2 and substrates  like glycogen,  glucose  and fatty acids  are  important 
factors to consider in the development of fatigue (Farris et al., 1998; Davie et al., 1999; 
Lacombe et al., 2003; McCue et al., 2009). During prolonged treadmill exercise or during 
endurance rides, lack of glycogen is often said to be the main metabolic cause of fatigue 
(Essén-Gustavsson et al., 1984; Snow et al., 1985; Valberg et al., 1989). 
Afterwards,  it  was  found  that  muscle  IMP  concentrations  increased  after 
submaximal exercise and blood UA concentrations also increased with the duration of 
exercise (Essén-Gustavsson et al., 1999). These results indicated that AMP deamination 
also occurs during submaximal exercise in the horse. Increased formation of IMP and 
ammonia has been observed in studies on man in connection with prolonged moderate 
exercise which leads to low glycogen concentrations and fatigue (Norman  et al., 1987; 
Broberg and Sahlin, 1989; Baldwin et al., 1999). It was suggested that the increase seen 
in UA and ammonia has been originated from glycogen-depleted fibres when impaired 
ATP  resynthesis  caused  an  increase  in  ADP  and  AMP  and  a  stimulation  of  AMP 
deaminase.  If  glycogen-depleted  fibres  fail  to  contract,  other  fibres  will  need  to  be 
recruited, with the recruitement of less oxidative fibres, leading to muscle fatigue (Essén-
Gustavsson et al., 1999; Gorostiaga et al., 2010). Similarly, Castejón et al. (2006) found 
that blood UA concentrations were significantly greater in endurance horses disqualified 
from  competitions  because  of  metabolic  derangements.  These  authors  associated  the 
increased UA concentrations with prolonged energy imbalance and in this way, it might 
represent cellular fatigue (Castejón et al., 2006). Furthermore, Trigo et al. (2010) found 
that blood UA concentrations, alone or in combination with other laboratorial parameters, 
will help to identify which horses are at risk of developing metabolic alterations during 
an endurance competition. 
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10.4. MATERIAL AND METHODS 
10.4.1. HORSES
A  total  of  29  endurance  horses,  were  subjected  to  a  treadmill  standardized 
exercise test in order to evaluate fitness and to design individual training programs. The 
characteristics of the horses are presented in the study II, epigraph 9.4.1. The horses were 
divided into two groups of performance,  according to the trainer’s opinion: GP (good 
performers; n=19) and LP (low performers; n=10). The group GP was formed by fit and 
well-performing horses, and the group LP included horses with low physical fitness or 
not involved in active training at the moment. More characteristics of these animals are 
shown in epigraph 9.4.1. 
10.4.2. ACCLIMATIZATION TO THE TREADMILL
The  procedure  followed  to  acclimatize  the  horses  to  the  treadmill  for  the 
standardized exercise test has been described in detail in the epigraph 9.4.2.  
10.4.3. DESCRIPTION OF THE TREADMILL EXERCISE TEST
The standardized exercise test, performed in a high speed velocity treadmill23, has 
been described previously in the epigraph 9.4.3. Exercise time to fatigue (ETF, s),  i.e.  
time of exercise until the horse was not able to keep the required velocity during the test 
(excluding warming-up and warming-down) was recorded. 
23 MetaVet v.1.0, Metasoft, Cortex Biophysik®, Leipzig, Germany
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10.4.4. ERGOESPIROMETRIC MEASUREMENTS
The procedure and material to perform ergoespirometric measurements have been 
previously described in the epigraphs 9.4.4 and 9.4.5. (Study II), using a respiratory mask 
designed  for  horses,  with  a  metabolic  gas  analyzer24.  The following ergoespirometric 
parameters  were measured:  peak oxygen  uptake (VO2peak),  tidal  volume peak (TVpeak), 
respiratory  rate  (RRpeak),  CO2 production  peak  (VCO2peak),  minute  ventilation  peak 
(VEpeak),  ventilatory equivalent  for  O2 peak  (EqO2peak),  ventilatory equivalent  for  CO2 
peak  (EqCO2peak)  and  respiratory  exchange  ratio  peak  (RERpeak).  The  word  ‘peak’ 
indicates the maximal values obtained during the exercise test (at E4, 8 m/s). In addition, 
the  respiratory  aerobic  threshold  (RAT,  m/s)  and  the  respiratory  anaerobic  threshold 
(RAnT, m/s) were calculated as described in the epigraph 9.4.5. (Study II). 
10.4.5. HEART RATE MONITORING
Heart  rate,  HR  (beats/min)  was  continuously  registered  using  a  HR-meter 
designed for horses25. Data were transferred into the computer using a specific computer 
program26. HR data are presented as the mean of the last  60 s of each workload.  As 
explained before,  when the horses were not able to maintain the exercise velocity for 
more than 60 s, the total exercise time was used to calculate HR. This same procedure has 
been previously presented and used throughout this research (epigraph 8.4.4.; Study I; 
9.4.6., Study III). The horses equipped with the HR meter are presented in photographs 3 
and 4. 
24 MetaVet V.1.0. Soft, Cortex Biophysik®, Leipzig, Germany
25 S800, Polar Pro-Trainer 5, Polar Electro®, Finland
26 Polar ProTrainer 5 sofware, Polar Electro®, Finland
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Photograph 3.  Endurance  horse  equipped  
with a heart rate-meter in order to measure  
heart rate before a treadmill  standardized 
exercise test 
Photograph 4. A detail of a heart rate  
meter  in  an  endurance  horse  being  
prepared  for  a  treadmill  standardized  
exercise test 
10.4.6. BLOOD SAMPLING, PROCESSING AND ANALYSIS
Blood samples were withdrawn from the jugular vein at the following times: at 
rest, before starting the exercise test, within the first 30 s after the warming-up period 
(WU2),  within the first  30 s after  each  exercise  workload (E1-E6) and at  10 min of 
recuperation (WD2). 
Immediately  after  extracting the venous blood samples,  they were poured into 
plain tubes, without anticoagulant,  for UA determinations.  One drop of blood, directy 
from the syringe, and therefore, without anticoagulant, was used to measure blood lactate 
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concentration (LA mmol/l), using a a lactacidometer27 (Photograph 5). After extraction, 
all the blood samples were kept refrigerated at 4ºC until analysis, which was performed 
within the first 12 hrs after extraction. 
Photograph 5. Lactacidometer 
After  coagulation,  plain  tubes were  centrifuged  (3.000  r.p.m.  for  10 min)  and 
serum was harvested. Serum uric acid concentrations (UA, mg/dl) were measured using 
an  spectrophotometer28,  with  the  technique  of  the  enzyme  uricase/peroxidase.  This 
reaction consists in the metabolism of the UA of the sample to allantoin by the enzyme 
uricase, and after, with a perioxidation, forming a coloured complex (Fosati et al., 1980). 
Because horses with different performance carried out treadmill exercise tests of different 
durations, in order to standardized blood sampling, the blood samples for UA analysis 
were compared in all the cases at E4, after finishing the workload of 8 m/s. 
27 Accutrend Plus, Roche Farma®, Madrid, España
28 Spectrophotometer Thermo Spectronic, Biosystems®, Barcelona, España
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10.4.7.  CALCULATION  OF  THE  CARDIOVASCULAR  AND  METABOLIC 
PERFORMANCE INDICES
For each horse, and using the linear relationships between HR and velocity, two 
cardiovascular  performance  indices  were  calculated:  V150 and  V200.  These  indices 
represented the treadmill exercise velocities that lead to HRs of 150 and 200 beats/min, 
respectively.  Linear  regressions  were  obtained  with  a  statistical  software  package 
Statistica29 and V150 and V200 were calculated from extrapolation in the lineal relationships 
using the same statistical program. 
In the same way, and for each individual, values of VLA2 and VLA4 were obtained 
by extrapolation in the exponential mathetical equation between LA and velocity30. 
Finally,  two more indices were calculated, HRLA2 and HRLA4, HRs at blood LA 
concentrations of 2 and 4 mmol/l. For these calculations, an specific sofware was used31. 
10.4.8. STATISTICAL ANALYSIS
Data are presented as mean ± SD. A linear regression analysis between velocity 
and HR, both individually for each horse and for both groups of performance (GP, good 
performers;  LP,  low performers)  was made.  Linear  regression  equation and R values 
were  obtained.  From  these  linear  regressions,  V150 and  V200 were  calculated  by 
extrapolation  of  HRs  of  150  and  200  beats/min.  In  the  same  way,  the  exponential 
mathematical expressions between velocity and blood LA concentrations, both for each 
horse  individually  and  for  both  groups  of  performance  were  calculated.  From  these 
relationships, VLA2 and VLA4 were obtained, extrapolating blood LA concentrations of 2 
and 4 mmol/l. Finally, and also from the linear relationships between HR and velocity, 
29 Statistica for windows V.9.0, Statsoft Inc®, USA
30 Statistica for windows V.9.0, Statsoft Inc®, USA
31 Winlact V.2.0., Germany
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HRLA2 and HRLA4 were calculated. In this case, these regressions were also calculated for 
each horse and for both performance groups. 
An ANOVA was carried out in order to evaluate the significant differences in the 
performance indices (V150, V200, VLA2, VLA4, HRLA2, HRLA4) and serum UA concentrations, 
between  GP and  LP  horses.  Finally,  a  correlation  analysis  between  ergoespirometric 
parameters, ETF, and cardiovascular and metabolic parameters were performed. For the 
ergoespirometric parameters, peak values were considered at the maximum mean values 
obtained at E4 (8 m/s). 
Statistical significance was set at P<0.05. Statistics were made with a statistical 
software package Statistica32.
32 Statistica for windows V.9.0, Statsoft Inc®, USA
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10.5. RESULTS
10.5.1.  REGRESSION LINES BETWEEN HEART RATE AND VELOCITY IN 
ENDURANCE  HORSES  WITH  DIFFERENT  PERFORMANCE  DURING  A 
TREADMILL STANDARIZED EXERCISE TEST
The lineal regression lines between HR and velocity for each horse of the two 
performance  groups  (GP,  good  performance  group;  LP,  low performance  group),  are 
presented in the tables 16 and 17. 
Table 16. Individual linear regressions between HR and velocity, and V150 and V200 values for 
endurance horses with good performance (AA: Angloarabian; XA: Cross-bred Arabian; A:  
Arabian); HR: heart rate
Breed Age (year) Gender Linear regression R V150 (m/s) V200 (m/s)
AA 11 Mare HR=49.14+18.75V 0.985 5.379 8.046
XA 10 Gelding HR=43.52+19.69V 0.994 5.408 7.947
AA 8 Mare HR=31.52+21.84V 0.994 5.425 7.714
XA 10 Mare HR=29.72+23.20V 0.991 5.184 7.340
A 7 Mare HR=48.24+17.09V 0.969 5.954 8.880
A 10 Mare HR=30.00+22.88V 0.993 5.245 7.430
A 5 Mare HR=34.50+21.01V 0.996 5.497 7.877
XA 10 Gelding HR=38.42+14.94V 0.991 7.479 10.82
AA 7 Mare HR=44.04+18.56V 0.992 5.709 8.403
A 8 Gelding HR=43.29+19.29V 0.993 5.532 8.124
A 5 Stallion HR=41.73+19.91V 0.993 5.438 7.949
A 10 Mare HR=42.20+20.08V 0.993 5.369 7.859
AA 5 Gelding HR=32.79+19.67V 0.994 5.932 8.462
AA 7 Mare HR=44.48+19.48V 0.990 5.417 9.267
XA 8 Mare HR=34.28+18.78V 0.992 6.162 8.824
A 8 Mare HR=30.36+21.62V 0.996 5.534 7.846
AA 11 Mare HR=34.28+18.76V 0.984 6.168 8.834
A 8 Gelding HR=51.81+19.43V 0.939 5.054 7.627
XA 12 Gelding HR=40.16+18.38V 0.994 5.976 9.696
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Table 17. Individual linear regressions between HR and velocity, and V150 and V200 values for  
endurance horses with low performance (XA: Cross-bred Arabian; A: Arabian); HR: heart  
rate 
Breed Age (year) Gender Linear regression R V150 (m/s) V200 (m/s)
A 11 Mare HR=51.38+16.68V 0.969 5.912 8.910
A 6 Mare HR=70.35+16.14V 0.936 4.935 8.033
A 5 Gelding HR=56.33+20.02V 0.977 4.679 7.176
XA 9 Gelding HR=54.21+19.60V 0.982 4.887 7.438
A 5 Mare HR=50.63+20.60V 0.986 4.824 7.251
XA 6 Gelding HR=54.73+20.13V 0.981 4.733 7.217
A 7 Mare HR=56.42+19.14V 0.975 4.889 7.502
A 10 Mare HR=51.46+19.29V 0.980 5.108 7.700
A 11 Gelding HR=51.65+19.47V 0.982 5.051 7.619
A 7 Gelding HR=49.43+19.39V 0.986 5.187 7.765
The mean regression lines for both groups are shown in table 18 and represented 
graphically in the figure 42. 
Table 18. Linear regressions between HR and velocity in two groups  
of endurance horses with different performance (HR: heart rate) 
Performance group Regression line R
GP, good performers HR=42.36+19.18V 0.975
LP, low performers HR=54.66+19.05V 0.969
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Figure  42.  Regression  lines  
between  heart  rate  and 
velocity  during  a  treadmill  
standardized  exercise  test  in  
endurance  horses  with  
different performance
10.5.2.  CARDIOVASCULAR  INDICES  IN  ENDURANCE  HORSES  WITH 
DIFFERENT PERFORMANCE
Mean  values  (±SD)  of  cardiovascular  performance  indices,  V150 and  V200,  for 
endurance horses with good and low performance, are presented in table 19. GP horses 
presented significantly higher values for both V150 and V200 in comparison to LP horses. 
Table  19.  Cardiovascular  performance indices  in  endurance  horses  with  
different  performance  (means±SD,  minimum  and  maximum  values  in  
brackets) (* Significant differences between performance group at P<0.05)
Performance group V150 (m/s) V200 (m/s)
GP, good performers 5.701±0.573*
(5.054-7.479)
8.366±0.865
(7.340-10.82)
LP, low performers 5.021±0.351*
(4.679-5.912)
7.661±0.515
(7.176-8.910)
10.5.3.  REGRESSION  LINES  BETWEEN  LACTATE  AND  VELOCITY  IN 
ENDURANCE  HORSES  WITH  DIFFERENT  PERFORMANCE  DURING  A 
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TREADMILL STANDARDIZED EXERCISE TEST
The  exponential  equation  between  blood  LA  accumulation  and  velocity  and 
derived performance indices (VLA2 and VLA4) are presented in tables 20 and 21 for both 
groups of performance. 
Table  20.  Individual  exponential  regresions  between  blood lactate  concentrations  and 
velocity,  and  VLA2 and  VLA4 in  endurance  horses  with  good  performance  (AA:  
Angloarabian; XA: Cross-bred Arabian; A: Arabian) LA: lactate
Breed Age (year) Gender Exponential equation R VLA2 
(m/s)
VLA4 (m/s)
AA 11 Mare LA=0.789e0.208V 0.848 5.533 7.998
XA 10 Gelding LA=0.484e0.343V 0.912 4.203 6.202
AA 8 Mare LA=0.676e0.215V 0.887 5.234 8.323
XA 10 Mare LA=0.857e0.120V 0.857 4.843 7.954
A 7 Mare LA=0.520e0.520V 0.866 4.234 6.342
A 10 Mare LA=0.796e0.211V 0.871 4.823 7.734
A 5 Mare LA=0.909e0.192V 0.857 4.320 7.798
XA 10 Gelding LA=0.824e0.217V 0.801 4.459 7.397
AA 7 Mare LA=0.840e0.184V 0.859 4.698 8.704
A 8 Gelding LA=0.774e0.177V 0.828 4.898 8.345
A 5 Stallion LA=0.824e0.214V 0.863 4.398 7.560
A 10 Mare LA=0.806e0.247V 0.874 4.129 6.975
AA 5 Gelding LA=0.734e0.263V 0.863 4.129 6.875
AA 7 Mare LA=0.761e0.185V 0.815 4.793 8.593
XA 8 Mare LA=0.748e0.174V 0.810 5.987 8.732
A 8 Mare LA=0.793e0.231V 0.839 4.335 7.132
AA 11 Mare LA=0.714e0.148V 0.810 4.890 8.439
A 8 Gelding LA=0.834e0.249V 0.891 4.201 6.679
XA 12 Gelding LA=0.791e0.182V 0.846 5.157 8.937
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Table  21. Individual  exponential  regressions  between  blood lactate concentrations  and 
velocity, and VLA2 and VLA4 values for endurance horses with low performance (XA: Cross-
bred Arabian; A: Arabian) LA: lactate
Breed Age (year) Gender Exponential equation R VLA2 
(m/s)
VLA4 
(m/s)
A 11 Mare LA=0.847e0.277V 0.883 3.742 5.943
A 6 Mare LA=0.915e0.251V 0.873 3.829 6.133
A 5 Gelding LA=0.906e0.234V 0.917 3.915 7.031
XA 9 Gelding LA=0.329e0.383V 0.830 4.739 6.532
A 5 Mare LA=0.851e0.202V 0.829 4.123 6.732
XA 6 Gelding LA=0.843e0.209V 0.812 4.029 6.529
A 7 Mare LA=0.467e0.329V 0.878 4.129 6.315
A 10 Mare LA=0.715e0.239V 0.801 4.037 6.211
A 11 Gelding LA=0.724e0.263V 0.827 4.013 6.531
A 7 Gelding LA=0.627e0.293V 0.871 4.009 6.215
The mean mathematical equations between blood LA concentrations and treadmill 
velocity  are  presented  for  both groups  in  table 22 and represented  graphically  in the 
figure 43. 
Table 22. Exponential regresions between blood lactate concentrations  
and  velocity  in  two  groups  of  endurance  horses  with  different  
performance; LA: lactate
Performance group Exponential equation R
GP, good performers LA=0.773e0.214V 0.810
LP, low performers LA=0.723e0.256V 0.819
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10.5.5.  HRLA2 AND  HRLA4 VALUES  IN  ENDURANCE  HORSES  WITH 
DIFFERENT PERFORMANCE
Mean values  of  HRLA2 and  HRLA4 are  presented  in  tables  24 and 25 for  both 
groups of performance of endurance horses. 
Table 24. Individual values of HRLA2 and HRLA4 in endurance horses with 
good  performance  (AA:  Angloarabian;  XA:  Cross-bred  Arabian;  A:  
Arabian)
Breed Age (year) Gender HRLA2 
(beats/min)
HRLA4 
(beats/min)
AA 11 Mare 152.9 199.1
XA 10 Gelding 126.3 165.6
AA 8 Mare 145.8 213.3
XA 10 Mare 142.1 214.3
A 7 Mare 120.6 156.6
A 10 Mare 140.4 206.9
A 5 Mare 125.3 198.3
XA 10 Gelding 105.0 148.9
AA 7 Mare 131.2 205.6
A 8 Gelding 137.8 204.3
A 5 Stallion 129.3 192.2
A 10 Mare 125.1 182.3
AA 5 Gelding 114.0 168.0
AA 7 Mare 137.8 211.9
XA 8 Mare 146.3 198.3
A 8 Mare 124.1 184.6
AA 11 Mare 126.0 192.6
A 8 Gelding 133.4 181.6
XA 12 Gelding 134.9 204.3
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Table 25.  Individual  values  of  HRLA2 and HRLA4 in  endurance  horses  
with low performance (AA: Angloarabian; XA: Cross-bred Arabian; A:  
Arabian)
Breed Age (year) Gender HRLA2 
(beats/min)
HRLA4 
(beats/min)
A 11 Mare 113.8 150.5
A 6 Mare 132.2 169.3
A 5 Gelding 134.7 197.0
XA 9 Gelding 147.1 182.2
A 5 Mare 135.5 189.3
XA 6 Gelding 135.8 186.2
A 7 Mare 135.4 177.3
A 10 Mare 129.3 171.3
A 11 Gelding 129.8 178.8
A 7 Gelding 127.7 169.9
Mean values (±SD) of the performance indices derived from extrapolation in the 
linear regression between HR and velocity are presented for both performance groups in 
table 26. HRLA2 was not significantly different between groups. By the opposite, HRLA4 
was higher in GP endurance horses compared to LP endurance horses (Table 26). 
Table  26.  HRLA2 and  HRLA4 values  in  endurance  horses  with  different  
performance (means±SD, minimum and maximum values in brackets) (*  
Significant differences between performance group at P<0.05)
Performance group HRLA2 (beats/min) HRLA4 (pbm)
GP, good performers 131.5±11.76
(105.0-152.9)
190.9±15.45*
(148.9-214.3)
LP, low performers 132.1±8.402
(113.0-147.1)
177.2±12.95
(150.5-197.0)
10.5.6. PRE- AND POST-EXERCISE SERUM URIC ACID CONCENTRATIONS
Figure 44 represents pre- and post-exercise serum UA concentrations. Resting UA 
values were not different between both groups of horses. Post-exercise UA values (after 
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E4 workload,  8  m/s)  were  significantly  higher  in  LP  horses  compared  to  GP horses 
(figure 44). 
Figure  44.  Pre  and  post-
exercise  serum  uric 
concentrations  in  endurance  
horses  with  different  
performance  (*  Significant  
differences at P<0.05)
10.5.7.  CORRELATIONS  BETWEEN  CARDIOVASCULAR,  METABOLIC, 
ERGOESPIROMETRIC VARIABLES AND TIME OF EXERCISE TO FATIGUE
The  correlations  between  cardiovascular  and  metabolic  indices  with 
ergoespirometric  variables  and  ETF  are  presented  in  table  27.  Additionally,  the 
correlations between V150, V200, VLA2, VLA4, HRLA2, HRLA4 and peak UA are presented in 
table 27. 
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Table  27. Coefficients  of  correlation  between  cardiovascular,  metabolic  indices,  
ergoespirometric  parameters  and  exercise  time  to  fatigue  in  endurance  horses  with  
different performance (* significant at P<0.05)
V150 V200 VLA2 VLA4 HRLA2 HRLA4 UApeak
ETF 0.660* 0.850* 0.670* 0.880* 0.120 0.720* -0.770*
RRpeak -0.240 -0.290 -0.010 -0.220 0.170 0.140 0.160
TVpeak 0.340 0.130 0.400 0.760* 0.240 0.680* -0.340
VEpeak 0.270 0.050 0.400 0.810* 0.290 0.660* -0.360
VO2peak 0.300 0.140 0.320 0.880* 0.270 0.800* -0.070
VCO2peak 0.340 0.210 0.510 0.770* 0.270 0.460 -0.030
RERpeak 0.300 0.700* -0.030 0.030 -0.190 -0.220 0.220
RAT 0.520 0.530 0.610* 0.620* 0.310 0.390 -0.540
RAnT 0.320 0.620* 0.430 0.830* 0.300 0.190 -0.530
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10.6. DISCUSIÓN/DISCUSSION
Este estudio evalúa las diferencias en índices de funcionalidad, cardiovasculares 
(V150, V200), y metabólicos (VLA2, VLA4, HRLA2, HRLA4, acumulación de ácido úrico UA, en 
sangre tras el ejercicio) en caballos de raid con diferente rendimiento. Además, analiza 
las relaciones de estos parámetros, con variables ergoespirométricas y con el tiempo de 
ejercicio  hasta  la  fatiga.  Hemos  encontrado  que  los  caballos  de  raid  con  mejor 
rendimiento  (GP)  mostraron  valores  superiores  de  V150,  V200,  VLA2,  VLA4 y  HRLA4 y 
tuvieron una menor concentración de AU post-ejercicio en comparación con aquellos que 
tenían  un  nivel  de  entrenamiento  y  rendimiento  inferior  (LP).  Además,  los  índices 
analizados  mostraron  correlaciones  significativas  positivas  con  algunos  parámetros 
ergoespirométricos indicativos de forma física y con los umbrales respiratorios, aerobio y 
anaerobio (RAT, RAnT).
 
10.6.1. INDICES DE FUNCIONALIDAD CARDIOVASCULAR
Los índices V150 y V200 fueron utilizados por primera vez para valorar el estado de 
forma  física  y  nivel  de  entrenamiento  en  caballos  por  Persson  (1967;  1983), 
concretamente en trotones  Standardbreds. Este autor observó que, una carga de trabajo 
correspondiente a 150 lat/min se acompañaba de una pérdida de linealidad en la relación 
velocidad-concentración de LA (umbral aerobio- 2 mmol/l), mientras que a una carga de 
trabajo  correspondiente  a  200  lat/min  se  producía  un  incremento  rápido  de  la 
concentración de LA (umbral  anaerobio-  4 mmol/l)  (Persson, 1983).  Por este  motivo, 
numerosos  investigadores  han  asumido  que,  V200 es  un  indicador  indirecto  de  la 
capacidad oxidativa máxima de un caballo (Castejón  et al., 1994; Muñoz  et al., 1997; 
1999; 2013; Persson, 1997; Couroucé, 1999; Kobayashi et al., 1999; Evans, 2007).
Los valores superiores de V150 y V200 en el grupo de caballos de raid con mayor 
rendimiento  (GP),  por  tanto,  indican  una  capacidad  cardiovascular  más  elevada.  De 
hecho, es interesante destacar que, hemos encontrado una correlación significativa entre 
254
Field and treadmill exercise tests in endurance horses
ETF y estos  dos  índices  cardiovasculares,  siendo  más  elevada  la  correlación  de  este 
parámetro con V200 que con V150. Este resultado es lógico, ya que la capacidad oxidativa 
está parcialmente ligada a la funcionalidad del sistema cardiovascular y V200 está más 
próximo a VLA4 que a V150 y por tanto, al umbral anaerobio (McMiken, 1983; Persson, 
1983; Castejón  et al., 1994; Muñoz  et al., 1997; 1998; Couroucé, 1999; Evans, 2007). 
Además, el potencial aerobio o de resistencia es un factor determinante y limitante de la 
duración del  ejercicio,  tanto en atletas humanos (Weston  et al.,  1999; Thomas  et  al., 
2004;  Burgomaster  et  al.,  2005)  como  en  diferentes  especies  animales,  incluyendo 
equinos (Farris et al., 1998; Essén-Gustavsson et al., 1999; Torvinen et al., 2012).
Una  cuestión  a  dilucidar  es  si  existe  una  correlación  entre  estos  índices  y  el 
rendimiento  en  competición.  Harkins  et  al. (1993)  documentaron  una  correlación 
significativa entre V200 y la velocidad de carrera en caballos Pura Sangre Inglés. Lindner 
(2010) analizó los valores de V200 en caballos trotones  Standardbreds, en función de su 
tiempo  de  carrera.  Este  autor  no  halló  relación  entre  V200 y  el  tiempo  de  carrera, 
presentando este resultado dos conclusiones. En primer lugar, V200 en comparación con 
otras  variables,  tales  como  VLA4,  no  reacciona  de  forma  intensa  al  entrenamiento  en 
caballos élite y en segundo lugar, la HR durante un ejercicio submáximo no parece ser un 
índice fiable de rendimiento en ejercicio máximos (Lindner, 2010). 
Estos  datos,  no  obstante,  proceden  de  caballos  que  van  a  realizar  ejercicios 
máximos y por tanto a competir a valores de HRs más elevados. El caballo de raid, por el 
contrario, efectúa una actividad física prolongada, menos intensa y con HRs más bajas 
(hay  que  recordar  que  el  caballo  debe  estar  por  debajo  de  64  lat/min  en  el  control 
veterinario de una prueba de raid en pruebas sobre distancias superiores a 120 km). Por 
tanto,  en  nuestra  opinión,  los  datos  publicados  para  caballos  de  velocidad  no  tienen 
porqué  ser  extrapolables  para  atletas  equinos  de  resistencia.  Nuestros  resultados 
coinciden con los descritos por Fraipont et al. (2011). Estos autores encontraron que los 
caballos  de  raid  de  un  grupo  control  con  buen  rendimiento  tenían  valores  de  V200 
superiores  a  los  de  caballos  de  raid  con  rendimiento  intermedio  y  mal  rendimiento 
(valores  respectivos  de  41,5  km/h,  34,2  km/h  y  33,6  km/h  en  tests  de  ejercicio  en 
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treadmill). 
Los valores superiores de V150 y V200 en los caballos del grupo GP podrían haberse 
debidido a: 1) un nivel de entrenamiento mayor; 2) una edad superior. Muchos autores 
han documentado que la respuesta de HR al ejercicio se reduce tras el entrenamiento, de 
modo que V150 y V200 aumentan (Persson, 1983; Thornton  et al., 1983; Evans y Rose, 
1988; Foreman et al., 1990; Seeherman y Morris, 1991; Muñoz et al., 1998; Couroucé, 
1999; Eaton et al., 1999; Couroucé et al., 2002; Leleu et al., 2005; Schmidt et al., 2010; 
Fraipont  et  al.,  2011).  Esta respuesta se ha asociado con un incremento  del  volumen 
contracción cardiaco y/o una reducción del contenido de O2 en sangre venosa, indicando 
una mayor extracción por las fibras musculares (Seeherman y Morris, 1991; Couroucé, 
1999; Couroucé et al., 2002). En nuestro caso, los valores más altos de V150 y V200 en los 
caballos GP sería un reflejo de un sistema cardiovascular mejor adaptado al ejercicio. 
Algunos  autores  han  documentado  que  V200 no  cambia  con  el  entrenamiento. 
Knight et al. (1991) evaluaron V200 en 10 caballos Pura Sangre Inglés antes y después de 
6  meses  de  entrenamiento  y  no  hallaron  modificaciones  en  este  índice.  Igualmente, 
Lindner (2010) tampoco encontró cambios en V200 con el entrenamiento. Se ha sugerido 
que estos resultados podrían estar asociados al estado psicológico de los caballos. En un 
estado de excitación, la pendiente de la línea de regresión entre HR y la velocidad se 
reduce, debido a los valores superiores de HR durante el ejercicio, obteniéndose datos 
incorrectos  de  V200.  Por  ello,  se  ha  recomendado  que,  cuando  existen  dudas  sobre el 
cálculo  de V200,  se  debe  retrasar  el  test  hasta  que el  animal  sea  capaz  de realizar  el 
ejercicio de una forma más relajada (Kobayashi et al., 1999). 
No se puede olvidar que los caballos GP tuvieron una edad significativamente 
superior (GP: 8,325 años; LP: 7,690 años;  Tabla 2) y esta circunstancia podría haber 
condicionado en parte los índices cardiovasculares. Varias investigaciones han analizado 
el  efecto  de  la  edad  sobre  la  evolución  de  V150 y  V200,  si  bien  en  estos  artículos  se 
evaluaba  el  efecto  conjunto  de  la  edad  y  el  entrenamiento.  Couroucé  et  al. (2002) 
realizaron un seguimiento de 194 trotones Standardbreds durante 6 años de entrenamiento 
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y efectuaron  un total  de 1105 tests  de ejercicio.  Los  animales  fueron  divididos  en 6 
grupos de edad, desde 1 a más de 6 años. Observaron que, V150 y V200 se incrementaban 
con la edad, sin diferencias significativas al comparar animales de 4, 5 y más de 6 años. 
De igual modo, Leleu et al. (2005) estudiaron 223 trotones divididos en 4 grupos de edad, 
3, 4, 5 y más de 6 años. V200 se incrementó de forma significativa entre los 3 y 4 años, 
siguiéndose de un aumento menos evidente entre los 4 y los más de 6 años. Según estos 
estudios, los cambios más importantes en V150 y V200 se producen en animales con edades 
inferiores a los 5-6 años, lo cual resulta lógico, al ser los momentos de crecimiento físico 
más intenso en estos animales. En nuestro caso, los caballos de raid de los dos grupos de 
rendimiento,  si  bien  tuvieron  edades  significativamente  diferentes,  en  ambos  casos 
superaban los 7 años de edad. Por tanto, es de suponer que el crecimiento físico estaba 
completo y como consecuencia, la diferente edad no debería haber sido determinante de 
nuestros resultados. 
Los datos de V150 y V200 en caballos de resistencia obtenidos en tests de ejercicio 
en treadmill son escasos. Prince et al. (2002) compararon la respuesta metabólica entre 5 
caballos  Pura  Sangre  Inglés  y  5  caballos  Árabes,  si  bien  no  especificaron  si  estos 
animales  eran  utilizados para  pruebas  de  resistencia.  Durante  un  test  de  ejercicio  en 
treadmill, los  caballos  Árabes  mostraron  valores  medios  de  V200 de  9,51±0,16  m/s. 
Fraipont et al. (2011), estudiaron caballos de resistencia divididos en tres grupos: control, 
con rendimiento intermedio y con mal rendimiento.  Hallaron  valores  de V200 de 41,5 
km/h (11,53 m/s), 34,2 km/h (9,5 m/s) y 33,6 km/h (9,3 m/s) para los tres grupos de 
forma respectiva.  Estos valores  contrastan con los obtenidos en nuestra  investigación, 
sustancialmente inferiores (V200 de 8,366 m/s en el grupo GP y 7,661 m/s en el grupo LP). 
Pueden existir varios motivos que justifiquen estos resultados. Podría ser que los caballos 
estudiados por Fraipont  et al. (2011) estuvieron en mejor forma física. No obstante, la 
diferencia de resultados es muy intensa y los caballos GP de nuestro estudio obtenían 
buenos resultados en competición. Quizá esta diferencia de datos se deba al diseño del 
tipo  de  test  de  ejercicio.  Fraipont  et  al. (2011)  hicieron  un  test  consistente  en  un 
calentamiento (10 min al paso y 10 min al trote), seguido de tres cargas de esfuerzo, 27 
km a 6 m/s, 1500 m a 7,5 m/s y 1500 m a 8,8 m/s. Evidentemente, los 27 km a 6 m/s 
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deberían haber inducido una HR más o menos estable, pero no sabemos hasta que punto 
este tipo de test afectaría a la línea de regresión entre HR y velocidad y por tanto, al 
cálculo de V200. En segundo lugar, podría deberse a la forma de cálculo de V200, ya que de 
los  38  caballos  estudiados  en  la  investigación  de  Fraipont  et  al. (2011),  solo  15 
alcanzaron una HR de 200 lat/min, de modo que hubo que hacer una extroplación de 
datos en la regresión. Sin embargo, no creemos que esto sea un factor a considerar, ya 
que en nuestro estudio, de los 29 caballos de raid estudiados,  solo 14 alcanzaron Hrs 
medias superiores a los 200 lat/min durante el test (Study I, sección 8.5.1.). En definitiva, 
creemos que gran parte de la diferencia de valores de V200 entre los caballos de Fraipont 
et al. (2011) y nuestra investigación se debió al tipo de test de ejercicio. No podemos 
comparar  los  valores  de  V150,  porque  Fraipont  et  al. (2011)  usaron  el  índice  V160, 
velocidad de ejercicio a una HR de 160 lat/min. 
En resumen, hemos encontrado que los caballos con mejor rendimiento (grupo 
GP) tuvieron valores más elevados de V150 y V200, lo cual indica que fueron capaces de 
hacer la misma intensidad de ejercicio con valores inferiores de HR, reflejo de una mejor 
capacidad cardiovascular. Posiblemente esto se deba a un mejor estado de forma física, 
bien de forma intrínseca, bien a consecuencia de un entrenamiento más intenso, ya que la 
edad no se cree que fue un factor determinante de nuestros resultados. Únicamente hemos 
podido comparar los datos de V200 obtenidos en nuestra investigación con los publicados 
por Fraipont  et al. (2011), hallando en nuestro caso, valores sustancialmente inferiores. 
Uno de los motivos de este resultado podría ser el diferente diseño del test de ejercicio, 
que variaría la relación lineal entre velocidad y HR a partir de la cual se calculan estos 
índices. 
10.6.2. INDICES METABÓLICOS DERIVADOS DEL LACTATO
La  concentración  sanguínea  de  LA  en  respuesta  a  diferentes  velocidades  de 
ejercicio se ha analizado en numerosos estudios, para valorar el rendimiento físico y el 
estado de  forma física,  tanto en  atletas  humanos (Kindermann  et  al.,  1979;  Sjödin y 
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Jacobs, 1981; Stegmann y Kindermann, 1982; Benek, 1995; Nicholson y Sleivert, 2001; 
Grant  et al., 2002; Faude  et al., 2009; Lehnhard  et al.,  2010) como equinos (Persson, 
1983; Harkins et al., 1993; Castejón et al., 1994; Muñoz et al., 1997; 1998; McKeever et  
al., 1998; Hinchcliff et al., 2002; Fraipont et al., 2011; 2012). 
Nuestros resultados sobre estos dos índices, con valores superiores de VLA2 y VLA4 
en los caballos más entrenados y con mejor rendimiento físico (grupo GP) coincide con 
los datos de investigaciones previas (Castejón et al., 1994; Ronéus et al., 1994; Couroucé 
et al., 1997; 2002; Couroucé, 1999; Muñoz et al., 1999a,b; Lindner, 2000; 2010; Davie et  
al., 2002; Trilk et al., 2002; Leleu et al., 2005). Estas investigaciones, que coinciden con 
la  nuestra,  demuestran  que,  los  caballos  con  mejor  rendimiento,  acumulan  menor 
concentración de LA en sangre en respuesta a la misma intensidad de ejercicio físico. 
Esto puede deberse  a tres circunstancias:  1) Que los individuos más aptos  produzcan 
menos  LA  en  respuesta  a  una  intensidad  concreta  de  ejercicio  debido  a  una  mayor 
participación del metabolismo aeróbico; 2) que los individuos más aptos sean capaces de 
eliminar más rápidamente el LA, y por tanto, se acumula menos que en los individuos 
menos aptos o menos entrenados; 3) Una combinación de ambos procesos (Mazzeo et al., 
1985).  Para  elucidar  cual/es  de  estos  mecanismos  está/n  implicados  en  la  menor 
concentración de LA en sangre tras el entrenamiento o en individuos más aptos, se han 
desarrollado  técnicas  con  isótopos  radiactivos.  Inicialmente  se  sugirió  que  la  menor 
acumulación de LA tras un entrenamiento se debe a un metabolismo o aclaramiento más 
intenso, no a  una producción inferior  (Donovan y Brooks,  1993).  Sin embargo,  otros 
autores han confirmado que, en respuesta a un entrenamiento, el músculo produce menor 
cantidad de LA y además, el metabolismo en otros tejidos, tales como corazón, hígado o 
riñón, aumenta (MacRae et al., 1985; Donovan y Pagliassotti, 1989; Stallknecht et al., 
2007; Van Hall, 2010). Hasta este momento, no se han realizado estudios similares en el 
caballo.  Sí  se  ha confirmado  que  el  entrenamiento  incrementa  los  transportadores  de 
membrana  de LA  en  los  glóbulos  rojos,  lo  cual  afecta  a  la  concentración  de  LA en 
plasma, pero no cuando se determina en sangre entera (Väihkönen et al., 2001; Koho et  
al., 2006).
259
Cristina Castejón-Riber
El  papel  desempeñado  por  la  acumulación  de  LA  en sangre  y  músculo en la 
aparición de fatiga ha sido debatido en seres humanos (Brooks, 2001; Westerblad et al., 
2002; Allen et al., 2008). En estudios iniciales en atletas humanos ejercitados a diferentes 
intensidades, los niveles de LA en músculo y en sangre no se correlacionaron con la 
fatiga  muscular  (Karlsson  et  al.,  1975).  Incluso  recientemente,  se  ha  descrito  que  el 
incremento  de  las  concentraciones  intracelulares  de  LA  no  provocan  edema  fibrilar, 
debido a los efectos compensatorios de los cambios intracelulares de H+ sobre el número 
de partículas osmóticamente activas (Trink y Lam, 2006). Sin embargo, la producción de 
LA da lugar a una reducción del pH muscular, el cual tiene consecuencias más severas, 
tales como la disminución de la sensibilidad del aparato contráctil  fibrilar al Ca2+ y la 
competencia de los H+ con el Ca2+ por la unión a la troponina C (Tupling  et al., 2000; 
Allen  et  al.,  2008),  si  bien  una  acidosis  leve  mejora  la  contractibilidad  muscular 
(Pedersen  et  al.,  2004).  Posiblemente  la  acidosis  muscular,  junto  con  otros  procesos 
fisiológicos  que  se  producen  simultáneamente  (activación  de  la  glucogenolisis, 
alteraciones en la difusión de O2, eliminación de aminoácidos de purinas, hipertermia, 
alteraciones electrolíticas y pérdida de funcionalidad de las bombas de electrolitos en las 
membranas), interactúen en la aparición de la fatiga muscular (Allen  et al., 2008). Por 
todo ello, en caballos, se acepta que, cuando durante un ejercicio se superan los 4 mmol/l, 
la fatiga es inminente. Por ello, es lógico suponer que los animales más aptos físicamente 
necesiten intensidades de esfuerzo superiores para alcanzar los 4 mmol/l de LA. De ahí 
que los caballos de resistencia del grupo GP tuvieran valores de VLA4 significativamente 
superiores  en  comparación  con  los  del  grupo  LP  y  además,  hemos  hallado  una 
correlación significativa entre VLA4 y EFT. Se ha confirmado que existe una correlación 
negativa  entre  la  concentración  de  LA  y  la  velocidad,  y  por  tanto,  una  correlación 
positiva entre VLA4 y la velocidad en carreras superiores a 1600 m (Ronéus et al., 1994; 
Davie et al., 2002). Los caballos con pérdida de rendimiento por patologías limitantes del 
ejercicio  físico, experimentan un descenso de VLA4 (Rose  et al.,  1995; Richard  et al., 
2010; Fraipont et al., 2011). 
Un  resultado  interesante  es  la  correlación  entre  VLA4 y  algunos  parámetros 
indicativos  de  ventilación  e  intercambio  gaseoso,  tales  como TVpeak,  Vepeak,  VO2peak y 
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VCO2peak. La falta de correlación de estos parámetros con VLA2 es justificable, ya que VLA2 
es un índice que se produce a velocidad bajas de esfuerzo, submáximas, por lo que es de 
suponer que las correlaciones con aquellos eventos fisiológicos que acontecen a mayor 
intensidad de esfuerzo no tienen porque mostrar significación estadística. Otro segundo 
factor a considerar es el efecto del estrés. Muchos caballos alcanzaron concentraciones de 
LA en sangre de 2 mmol/l en el calentamiento, reduciéndose estas concentraciones con 
posterioridad  a  velocidades  superiores  de  ejercicio.  Se  sabe  que el  estrés  estimula  la 
glucólisis anaerobia con producción de LA, en reposo y en ejercicio (Katz y Sahlin, 1988; 
Brooks et al., 1991; García-Álvarez et al., 2014). 
Una de las críticas que tradicionalmente se han realizado al uso de V200 y VLA4  es 
que, representan velocidades submáximas de esfuerzo, por lo que no tienen porqué ser 
predictivos del  rendimiento a velocidades máximas de competición. Hay que tener en 
cuenta que la mayoría de las investigaciones sobre este tema se han centrado en caballos 
Pura Sangre Inglés  y trotones Standardbreds.  Así,  Davie  et al. (2002) no encontraron 
correlaciones  significativas  entre  índices  de  rendimiento,  como  número  de  carreras 
ganadas, posición en las carreras en las que compitieron y ganancia económica de los 
animales en función del número de carreras y VLA4. No obstante, en uno de los establos 
estudiados,  sí  hallaron  una  correlación  entre  VLA4 y  las  ganancias  económicas  de  los 
animales durante toda su vida deportiva. Prince  et al. (2002) compararon la respuesta 
ergoespirométrica y metabólica al ejercicio en caballos Pura Sangre Inglés y Árabes y 
hallaron  que  los  primeros,  tenían  valores  superiores  de  VO2max,  velocidad  a  la  que 
conseguían VO2max y ETF, pero sin embargo, no hubo diferencias entre VLA4 entre ambas 
razas y tampoco se observó correlación entre VO2max y VLA4. Asimismo, Van Erck et al. 
(2007) hallaron correlaciones significativas entre TV, VE y VO2 y HR y concentración de 
LA, pero no entre VO2peak, LAmax (concentración máxima de LA), V200 y VLA4. 
En  nuestra  investigación,  por  el  contrario,  hemos  hallado  correlaciones 
significativas  entre  VLA4,  TVpeak,  VEpeak   y  VO2peak.  Estos  resultados,  diferentes  a  los 
nuestros, pueden tener varias explicaciones: 
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1) La investigación realizada por Van Erck  et  al. (2007) tenía la  finalidad de 
evaluar una máscara ergoespirométrica portátil en el campo y se ha demostrado 
que existen diferencias significativas al comparar las mediciones efectuadas con 
dos tipos de máscaras distintas (Gauvreau et al., 1996; Curtis et al., 2005; Art et  
al., 2006; Ramseyer et al., 2010).
2) Los autores anteriormente considerados (Davie  et al., 2002; Van Erck  et al., 
2007)  estudiaron  caballos  pacers  y  trotones  Standardbreds,  que  recorren 
distancias cortas a elevadas velocidades, competiciones completamente diferentes 
a las de resistencia, submáximas y de duración media a larga. 
3)  Un  punto  interesante  a  considerar  es  que,  en  nuestro  caso,  los  valores 
considerados 'peak' o pico, se obtuvieron a una velocidad de 8 m/s (E4), ya que 
los caballos del grupo LP no fueron capaces de alcanzar una velocidad superior 
durante el test de ejercicio. VLA4 tuvo valores medios comprendidos entre 7 y 9 
m/s,  por  lo  que  se  encontraban  a  velocidades  de  ejercicio  similares  a  las 
consideradas  'peak'  y  esta  circunstancia  podría  haber  aumentado  el  valor 
predictivo de rendimiento de las variables consideradas. Los otros investigadores, 
por  el  contrario,  han  tratado  de  relacionar  VLA4,  que  representa  velocidades 
submáximas, con VO2max, que se produce a velocidades máximas, por lo que los 
coeficientes de correlación fueron inferiores a los que hemos hallado en nuestra 
investigación (Prince et al., 2002; Van Erck et al., 2007). 
Otro dato interesante de nuestra investigación, es la relación entre VLA4, TV y VE. 
VO2 ha sido clásicamente considerado un índice de funcionalidad, pero en conocimiento 
de los autores, no existen investigaciones que determinen las diferencias en TV y VE en 
caballos con distinto rendimiento, excepto los realizados por Gauvreau  et al. (1995) y 
Katz et al. (1999). Los motivos principales por los cuales estos parámetros no suelen ser 
utilizados  como  índices  de  funcionalidad  son  su  gran  variabilidad  individual  e 
interindividual, su comportamiento irregular y cambios durante el ejercicio, la influencia 
del peso corporal y las condiciones ambientales (temperatura y humedad ambiental) y de 
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patologías de vías respiratorias (Slocombe et al. 1992; Petsche et al., 1994; Bayly et al., 
1995; Marlin et al., 1999). En el estudio II observamos que los caballos de resistencia del 
grupo GP tenían valores superiores de TV y VE a diferentes intensidades de ejercicio. No 
obstante,  esto  podría  estar  parcialmente  supeditado  al  peso,  ya  que  los  caballos  GP 
tuvieron  un  peso  corporal  significativamente  superior  a  los  caballos  LP.  Por  ello, 
normalizamos según peso y vimos que las diferencias en TV y VE, aunque se reducían, 
seguían existiendo. Las correlaciones significativas entre TVpeak,  VEpeak y VLA4 parecen 
confirmar la utilidad de estos parámetros ventilatorios como índices de funcionalidad, 
siempre  que  se  expresen  en  función  del  peso  corporal,  a  una  velocidad  concreta  de 
ejercicio,  en  animales  de  características  locomotoras  similares  y  bajo  condiciones 
ambientales parecidas. Hay que tener en cuenta que, cuando la temperatura ambiental y/o 
la humedad son elevadas, se produce una taquipnea más marcada durante el ejercicio en 
respuesta  a  la  función  termorreguladora  del  aparato  respiratorio  (Bayly  et  al.,  1995; 
Marlin et al., 1999). 
Los  umbrales  aerobio  y  anaerobio  se  han  determinado,  bien  a  partir  de  la 
acumulación de LA en sangre (a partir de concentraciones exactas de LA, como 2 y 4 
mmol/l,  como OBLA,  onset  of  blood lactate accumulation o como MLSS,  maximum 
lactate  steady-state)  o  a  partir  de  los  gases  ventilatorios  (umbrales  ventilatorios  o 
respiratorios,  RAT y RAnT) (Loat  y Rhodes, 1993; Dickhuth  et al.,  1999),  si bien la 
relación entre los dos métodos no es conclusiva. Wasserman et al. (1973) introdujeron el 
concepto de umbral anaerobio para intentar explicar y caracterizar la acidosis muscular 
durante  el  ejercicio.  Estos  autores  demostraron  un aumento  desproporcionado  en  VE 
durante un ejercicio progresivo, en asociación a un incremento de H+ y pCO2  en sangre. 
Se  ha  confirmado  que  la  concentración  de  H+ en  sangre  y  pCO2 experimentan  una 
elevación estoiquiométrica. Por tanto, en la mayoría de las situaciones, la acumulación de 
LA en sangre se acompaña de incremento de H+, VCO2 y VE. Por tanto, esta relación 
entre LA y H+ permitiría el uso del umbral ventilatorio como índice del umbral de LA de 
4  mmol/l,  idea  defendida  inicialmente  por  otros  investigadores  (Davis  et  al.,  1976; 
Reinhard  et al., 1979). En la actualidad se acepta que existen numerosos factores que 
determinan los umbrales respiratorios, además de las modificaciones en el pH sanguíneo, 
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tales como patologías, disponibilidad de substratos, presencia de metabolitos o duración e 
intensidad del calentamiento (Ivy  et al.,  1981; Hughes  et al., 1982; Neary  et al., 1985; 
Sabapathy et al., 2006; Davies et al., 2011; Yamanaka et al., 2012). 
En nuestro caso, hemos encontrado una correlación estrecha entre los umbrales de 
LA y los ventilatorios, como se ha mostrado en la tabla 27. Según nuestros datos, y según 
las diferencias que hemos encontrado entre grupos de rendimiento, tanto los umbrales de 
LA como los ventilatorios podrían usarse para discriminar caballos de resistencia según 
su  estado  de  forma  física.  En  personas,  se  han  desarrollado  diversas  fórmulas 
matemáticas  que  permiten  la  predicción  de  los  umbrales  de  LA  a  partir  de  los 
ventilatorios,  debido  a  que  los  umbrales  de  LA  parecen  ser  más  útiles  a  la  hora  de 
programar un entrenamiento, mientras que la determinación de los umbrales ventilatorios 
es menos invasiva (Plato  et al., 2008). Por otro lado, la adaptación de ambos tipos de 
umbrales al entrenamiento no es simultánea (Gaesser y Poole, 1986). En el caballo, no se 
ha investigado cual de los dos tipos de parámetros es más útil para evaluar forma física y 
para programar entrenamiento. 
Los índices HRLA2 y HRLA4, que relacionan HR y LA, no son muy utilizados en 
caballos. Posiblemente ello se deba a que, quizá su capacidad de discriminación de atletas 
según su estado de forma física sea inferior a la de V200 y VLA4, pero sí son muy útiles 
para programación del entrenamiento. Por otro lado, una ventaja de usar HRLA2 y HRLA4 es 
que reduce el  efecto de la velocidad, por lo que permite comparar entre caballos con 
diferente patrón locomotor (Castejón et al., 1994). De hecho, el entrenamiento da lugar a 
incrementos significativos  de estos índices (Muñoz  et al., 1998). En nuestro caso, no 
hemos  encontrado  diferencias  en  HRLA2 en  caballos  de  resistencia  con  diferente 
rendimiento,  pero  sí  en  HRLA4.  No  obstante,  hay  que  matizar  que,  el  coeficiente  de 
correlación entre ETF y HRLA4 (r=0,720)  fue inferior  al  encontrado entre  ETF y V200 
(r=0,850) y ETF y VLA4 (r=0,880). Por tanto, desde el punto de vista de predicción de 
estado de forma física y resistencia, parece ser que HRLA4 no aporta información adicional 
a la ya obtenida con VLA4 y V200, si bien es importante a la hora de diseñar un programa de 
entrenamiento, o dar directrices para el jinete en competición. 
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10.6.3. INDICES METABÓLICOS DERIVADOS DEL ÁCIDO ÚRICO
En 1991, Harris  et al. observaron una relación significativa entre el aumento de 
las concentraciones sanguíneas de UA y la reducción de ATP en el músculo en caballos 
Pura Sangre Inglés. Según estos autores, la fatiga selectiva en algunas fibras musculares, 
concretamente en las fibras de contracción rápida (IIB o IIX), se debería a la incapacidad 
de  resíntesis  de  ATP  por  acumulación  de  AMP,  activación  de  la  enzima  AMP-
desaminada,  incremento de las concentraciones  musculares  de IMP y pérdida neta de 
nucleótidos  de  purina.  Estas  circunstancias  se  han  asociado  a  fatiga,  tanto  en  seres 
humanos (Fitts, 1994; Sahlin et al., 1998; Allen et al., 2008) como en caballos (Schuback 
y Essén-Gustavsson, 1998). 
La  concentración  post-esfuerzo  de  UA  ha  sido  considerada  un  índice  de 
funcionalidad en atletas humanos. Hellsten Westing  et al. (1993) demostraron que, los 
atletas bien entrenados tenían una menor producción de UA y por tanto, menor pérdida de 
nucleótidos de purina, tras un test de 2 minutos de duración a una intensidad de esfuerzo 
del  106-135%  de  VO2máx.  Igualmente,  se  ha  visto  una  correlación  negativa  entre  la 
concentración sanguínea de UA post-ejercicio y el rendimiento en carreras de velocidad 
en  trotones  Standardbreds  (Räsänen  et  al.,  1995).  Aunque  tradicionalmente,  la 
concentración post-ejercicio  de UA ha sido considerado un marcador de metabolismo 
anaerobio, más recientemente se ha demostrado que este compuesto también aumenta tras 
ejercicios de resistencia,  siendo dicha elevación más intensa en aquellos animales que 
poseen  un  estado  metabólico  más  comprometido  (Essén-Gustavsson  et  al.,  1999; 
Castejón et al., 2006). En nuestro caso, parece ser que la concentración post-ejercicio de 
UA es un índice del estado de forma física y nivel de entrenamiento en el caballo de 
resistencia, ya que hemos hallado niveles significativamente superiores en el grupo LP en 
comparación con el grupo GP, a pesar de la misma duración del ejercicio realizado. Hay 
que tener en cuenta que, las concentraciones de UA se determinaron a una velocidad de 
E4, para evitar la influencia de la duración de ejercicio, diferente en ambos grupos de 
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rendimiento. Además, UApeak mostró una correlación negativa con EFT, lo cual podría 
sugerir  que,  la  pérdida  de adenina  podría  dificultar  metabólicamente a  algunas  fibras 
musculares, reduciendo el ETF y propiciando la aparición de fatiga. No obstante, no se 
tomaron biopsias musculares, por lo que esta idea no se ha demostrado 
La  ausencia  de  correlación  entre  UA e  índices  metabólicos  derivados  del  LA 
(VLA4, fundamentalmente) coincide con lo reseñado por Davie et al. (2002) para caballos 
Standardbred pacers. Una posible justificación es que, aunque tradicionalmente UApeak se 
ha considerado un marcador anaerobio (Räsänen  et al., 1993; 1995; 1996; Schuback y 
Essén-Gustavsson,  1998),  investigaciones  posteriores  han  demostrado  que  su 
acumulación en sangre también se relaciona con alteraciones y desequilibrios energéticos 
tras actividades aerobias, con escasa acidosis muscular y producción de LA (Castejón et  
al., 2006). 
En resumen, nuestros resultados reflejan que la concentración sanguínea de UA 
determinada al final de un test de ejercicio, puede ser un marcador del estado de forma 
del caballo de raid. Posiblemente, para comparar entre individuos, dicha concentración 
debe ser determinada tras una carga de esfuerzo concreta, ya que la duración del esfuerzo 
es un factor determinante. Los valores más elevados de UA parecen estar asociados a una 
reducción en el ETF, siendo un marcador de la pérdida de adenina desde el  músculo 
activo. 
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10.7. CONCLUSIONES/CONCLUSIONS
Las principales conclusiones del estudio III son las siguientes:
PRIMERA CONCLUSIÓN. Los caballos de raid con mejor rendimiento físico 
son capaces de realizar una intensidad de ejercicio concreta con una frecuencia cardiaca 
inferior y con una menor acumulación de lactato y ácido úrico en sangre, como reflejo de 
una  mayor  capacidad  cardiovascular  y  potencial  aerobio.  Además,  la  velocidad  de 
ejercicio  a  la  cual  se alcanzó  una concentración  de  4 mmol/l,  considerada  el  umbral 
anaerobio,  estuvo  correlacionada  con  los  volúmenes  ventilatorios  y  del  consumo  de 
oxígeno. 
SEGUNDA CONCLUSIÓN. Las correlaciones entre los umbrales de lactato y 
los  umbrales  ventilatorios  han  sido  elevadas  en  caballos  de  raid  durante  un  test  de 
ejercicio, estando ambos grupos de umbrales correlacionados con el tiempo de ejercicio 
hasta la fatiga. 
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10.8. RESUMEN
INTRODUCCIÓN. La finalidad de un test de ejercicio es la obtención de índices de 
funcionalidad,  que  permitan  evaluar  y  cuantificar  de  forma  objetiva  los  principales 
sistemas corporales implicados en el ejercicio.
OBJETIVOS. 1) Valorar las diferencias cardiovasculares y metabólicas durante un test 
de ejercicio en treadmill en caballos de resistencia con diferente rendimiento; 2) Evaluar 
la  relación  entre  el  tiempo  de  ejercicio  hasta  la  fatiga  (ETF)  y  las  variables 
ergoespirométricas, cardiovasculares y metabólicas en este tipo de atleta equino. 
HIPÓTESIS A COMPROBAR. Que los caballos de resistencia con mejor rendimiento 
mostrarán  valores  superiores  de  los  índices  cardiovasculares  y  metabólicos,  con  una 
menor acumulación de lactato (LA) y ácido úrico (UA) durante el ejercicio y que dichos 
índices  de  funcionalidad  estarán  correlacionados  con  ETF  y  con  las  variables 
ergoespirométricas. 
MATERIAL Y MÉTODOS. Se han estudiado 29 caballos de resistencia,  divididos en 
dos grupos según la opinión del entrenador y los resultados deportivos durante los seis 
meses  previos  a  los  tests  de  ejercicio,  grupo  GP  ('good  performers',  con  buen 
rendimiento; n=19) y grupo LP ('low performers', con rendimiento bajo; n=10). Todos los 
caballos fueron sometidos a un test de ejercicio, iniciado con un calentamiento (5 min al 
paso y 5 min al trote, con el treadmill sin inclinación). El test, que se llevó a cabo con una 
pendiente del treadmill del 6%, comenzó con una primera carga de esfuerzo a 5 m/s, y se 
fue  incrementando  la  velocidad  en  1  m/s  cada  3  min  hasta  que  los  caballos  fueron 
incapaces  de  mantener  la  velocidad  requerida.  El  test  concluyó  con  un  periodo  de 
enfriamiento de características similares al calentamiento,  pero a la inversa (5 min de 
trote y 5 min al paso, con el  treadmill sin inclinación). Durante el test de ejercicio, se 
monitorizó la frecuencia cardíaca (HR), los caballos llevaron una máscara respiratoria 
para  las  mediciones  ergoespirométricas  y  se  tomaron  muestras  de  sangre  venosa  en 
reposo, tras el calentamiento, tras cada carga de esfuerzo y al final de la recuperación. A 
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partir  de  la  correlación  lineal  entre  HR  y  velocidad,  se  obtuvieron  los  índices 
cardiovasculares  V150 y  V200,  que  representan  las  velocidades  a  150  y  200  lat/min 
respectivamente.  De  la  relación  exponencial  entre  la  velocidad  de  ejercicio  y  la 
concentración de LA, se obtuvieron los valores de VLA2 y VLA4, velocidades de ejercicio a 
2 y 4 mmol/l. Finalmente, a partir de la relación entre HR y LA, se obtuvieron los índices 
HRLA2 y  HRLA4,  HRs  a  2  y  4  mmol/l  de  LA.  Las  variables  ergoespirométricas  se 
cuantificaron a 8 m/s, ya que el número de cargas de ejercicio por caballo fue diferente, 
según  su  forma  física,  pero  todos  los  animales  alcanzaron  los  8  m/s.  Además,  se 
cuantificó la concentración de UA en reposo y al concluir la carga de esfuerzo de 8 m/s.
RESULTADOS. Los caballos del grupo GP mostraron valores superiores de V150 (5,701 
m/s),  V200 (8,366  m/s),  VLA2 (4,689  m/s),  VLA4 (7,722  m/s),  HRLA4 (190,9  lat/min)  y 
concentraciones inferiores de UA en comparación con los caballos del grupo LP (V150, 
5,021 m/s; V200, 7,661 m/s; VLA2, 4,057 m/s; VLA4, 6,417 m/s; HRLA4, 177,2 lat/min). ETF 
mostró correlaciones positivas con V150 (r=0,660),  V200 (r=0,850),  VLA2 (r=0,670),  VLA4 
(r=0,880), HRLA4 (r=0,720) y negativas con la concentración post-esfuerzo de UA (r=-
0,770). Además, se han encontrado correlaciones entre VLA4 y HRLA4 y los valores de 
volumen tidal,  ventilación  minuto  y  consumo de  oxígeno,  determinados  a  8  m/s.  La 
correlación entre VLA2 o umbral aerobio de LA y el umbral aerobio ventilatorio fue de 
0,620, y la correlación entre VLA4 o umbral anaerobio de LA y el umbral ventilatorio 
anaerobio fue de 0,830. 
CONCLUSIONES: Los caballos de raid con mejor rendimiento físico tuvieron valores 
superiores de los índices cardiovasculares V150 y V200 y de los índices metabólicos VLA2, 
VLA4 y  HRLA4,  con  una  menor  acumulación  de  UA  tras  el  ejercicio  y  estos  índices 
estuvieron  correlacionados  con  los  parámetros  ergoespirométricos  y  el  tiempo  de 
ejercicio hasta la fatiga. 
PALABRAS CLAVE. Ácido úrico. Caballos. Ejercicio. Lactato. Resistencia. 
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10.9. SUMMARY
BACKGROUND.  The  aim of  an  exercise  test  is  to  obtain  functionality indices  that 
would permit to assess and to quantify objectively the functionality of the main systems 
implied in the exercise. 
OBJECTIVES:  1)  To  assess  cardiovascular  and  metabolic  differences  during  a 
standardized treadmill exercise test in endurance horses with different performance; 2) To 
investigate the relationship between exercise time to fatigue (ETF) and ergoespirometric, 
cardiovascular and metabolic parameters in endurance horses. 
HYPOTHESIS TO CHECK. It  was  hypothesized  that  endurance  horses  with  good 
performance would have higher values for the cardiovascular and the metabolic indices, 
with lower blood lactate (LA) and UA accumulation in response to exercise and these 
functionality indices would be closely related to ETF and to ergoespirometric parameters. 
MATERIAL AND METHODS.  A total  of  29 endurance  horses  have  been  studied, 
divided into two groups according to the trainers' opinion and the results in competitions 
during the six months before the exercise tests, group GP (good performers; n=19) and 
LP (low performers; n=10). All the horses were subjected to a treadmill exercise test, 
starting with a warming-up period (5 min at walk and 5 min at trot, with the treadmill 
flat). The test, which was carried out with a slope of 6%, starting at 5 m/s, increasing the 
velocity by 1 m/s every 3 min until the horse was not able to keep the pace. The test 
finished with a warming-down period (5 min at trot and 5 min at walk with the treadmill 
uninclined). During the exercise test, heart rate (HR) was monitored, the horses wore a 
respiratory mask in order to perform ergoespirometric measurements and venous jugular 
blood samples were taken at rest, after warming-up period, after each exercise workload 
and  at  the  end  of  the  warming-down  period,  in  order  to  measure  LA  and  UA 
concentrations. From the linear regression between HR and velocity, V150 and V200 were 
obtained,  indicating  exercise  velocities  at  HRs  of  150  and  200  beats/min.  From  the 
exponential  regression  between  LA  and  velocity,  VLA2 and  VLA4 were  obtained, 
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representing exercise velocities at blood LA concentrations of 2 and 4 mmo/l. Finally, 
and from the relationship between HR and blood LA, HRLA2  and HRLA4  were obtained, 
representing HRs at blood LA concentrations of 2 and 4 mmol/l respectively.  All the 
ergoespirometric parameters were measured at 8 m/s, because the number of workloads 
completed by the horses during the treadmill exercise tests differed depending on fitness, 
but both GP and LP horses were able to achieve 8 m/s. Time of exercise to fatigue was 
recorded  (ETF).  Furthermore,  UA concentrations  were  measured  at  rest  and after  the 
workload of 8 m/s.
RESULTS. GP horses presented higher values of V150 (5.701 m/s), V200 (8.366 m/s), VLA2 
(4.689  m/s),  VLA4 (7.722  m/s),  HRLA4 (190.9  beats/min)  and  lower  post-exercise  UA 
concentrations compared to LP horses (V150, 5.021 m/s; V200, 7.661 m/s; VLA2, 4.057 m/s; 
VLA4,  6.417  m/s;  HRLA4,  177.2  lat/min).  ETF  was  positively  correlated  with  V150 
(r=0.660), V200 (r=0.850), VLA2 (r=0.670), VLA4 (r=0.880), HRLA4 (r=0.720) and negatively 
with post-exercise blood UA concentrations (r=-0.770). Furthermore, significant positive 
correlations between VLA4 and HRLA4 and peak values of tidal volume, minute ventilation 
and oxygen uptake, measured at 8 m/s, were observed. The correlation between VLA2 or 
aerobic  LA  threshold  and  aerobic  ventilatory  threshold  was  of  0.620,  whereas  the 
correlation between VLA4 or anaerobic LA threshold and anaerobic ventilatory threshold 
was of 0.830. 
CONCLUSIONS. Endurance horses with good performance had higher values for the 
cardiovascular indices V150  and V200, and for the metabolic indices VLA2, VLA4 and HRLA4 
compared  to  endurance  horses  with  lower  performance,  they presented  a lower  post-
exercise blood lactate and uric acid concentrations and these indices were associated with 
the ergoespirometric parameters and time of exercise to fatigue. 
KEY WORDS. Horses. Endurance. Exercise. Lactate. Uric acid. 
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11. MAIN CONCLUSIONS
Conclusiones generales
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The  present  research  was  designed  in  order  to  assess  the  field  and  treadmill 
exercise  tests  used for  endurance  horses  in the Equine Sport  Medicine  Centre of  the 
School of Veterinary Medicine of Cordoba. It  was pursued to elucidate whether these 
tests are useful to evaluate fitness and training levels in this kind of athlete. Further, the 
differences  in  ergoespirometric,  cardiovascular  and  metabolic  performance  indices 
between  two  groups  of  endurance  horses  with  different  performance  (good  and  low 
performance) were evaluated. 
The main conclusions are the following: 
FIRST CONCLUSION. The exercise tests designed for endurance horses in the 
Equine Sport Medicine Centre, permitted the calculation of the main functional indices 
for fitness evaluation and training design, although field exercise tests presented more 
methodological problems, and standardization was more difficult compared to treadmill 
exercise tests. 
SECOND CONCLUSION. The coefficients of regression between heart rate and 
exercise velocity and between blood lactate concentrations and exercise velocity were 
lower in the field exercise tests compared to the treadmill  exercise tests,  indicating a 
lower homogenicity of the cardiovascular and metabolic responses to exercise. 
THIRD CONCLUSION. The number of horses which reached mean heart rates 
higher than 200 beats/min and blood lactate concentrations higher than 4 mmol/l was 
higher  in  the  treadmill  exercise  tests  compared  to  the  field  exercise  tests.  As  a 
consequence,  in  the  field  exercise  tests,  cardiovascular  and  lactate  indices  had  to  be 
extrapolated from the mathematical equations. 
FOURTH  CONCLUSION. Endurance  horses  with  good  performance  had 
higher  aerobic  capacity  than  horses  with  lower  performance,  as  evidenced  by higher 
oxygen  uptake,  peak oxygen  uptake,  tidal  volume,  ventilation minute  and respiratory 
anaerobic threshold.  Furthermore,  these factors  were associated with a longer  time of 
exercise to fatigue. 
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FIFTH CONCLUSION. Although respiratory exchange ratio did not appear to 
be a good discriminant index of endurance horses according to their performance, the 
velocity at which this ratio reached values higher than the unity would be a good measure 
to predict fitness in these athletes. 
SIXTH  CONCLUSION.  The  incapacity  of  an  endurance  horse  to  increase 
oxygen uptake during a submaximal exercise test of progressive intensity would be the 
consequence or the reflex of a low performance or training level. 
SEVENTH  CONCLUSION.  Endurance  horses  with  good  performance  were 
able to perform a determined exercise intensity with lower heart rate and lower blood 
lactate  and  uric  acid  accumulation,  indicating  a  greater  cardiovascular  capacity  and 
aerobic potential. Additionally, the exercise velocity at 4 mmol/l, considered the lactate 
anaerobic threshold, was correlated with peak values of ventilatory volumes and oxygen 
uptake. 
EIGHT  CONCLUSION.  There  have  been  significant  correlations  between 
lactate and respiratory thresholds in endurance horses during a treadmill exercise test, and 
both types of thresholds were correlated with the time of exercise to fatigue. 
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TESTS DE EJERCICIO EN CAMPO Y EN CINTA RODANTE EN 
CABALLOS DE RESISTENCIA: METODOLOGÍA, MEDIDAS E 
INTERPRETACIÓN
INTRODUCCIÓN. El estado de forma física y el nivel de entrenamiento de un caballo 
de deporte se pueden evaluar mediante tests de ejercicio, en campo, o en cinta rodante o 
treadmill. El diseño de los tests es esencial para la obtención de índices que cuantifican la 
funcionalidad de los principales sistemas corporales implicados en el ejercicio. 
OBJETIVOS. La  presente  investigación  se  ha  estructurado  en  tres  estudios,  con  los 
siguientes objetivos. Estudio I: Describir de forma crítica los tests de ejercicio utilizados 
en el Centro de Medicina Deportiva Equina de la Universidad de Córdoba en caballos de 
resistencia,  evaluando  sus  beneficios  e  inconvenientes  y  analizando  si  dichos  tests 
permiten  el  cálculo  de  índices  de  funcionalidad.  Estudio  II: Analizar  las  diferencias 
ergoespirométricas  asociadas  al  ejercicio  en  caballos  de  resistencia  con  diferente 
rendimiento  deportivo.  Estudio  III: Evaluar  las  diferencias  cardiovasculares  y 
metabólicas  en  caballos  de  resistencia  con  diferente  rendimiento y  analizar  su  efecto 
sobre el tiempo de ejercicio hasta la fatiga.  El  objetivo final de esta investigación es 
aportar información sobre como realizar tests de ejercicio para evaluar el estado de forma 
física de un caballo de resistencia y que parámetros e índices de funcionalidad son más 
útiles a la hora de discriminar individuos según su rendimiento. 
HIPÓTESIS A COMPROBAR. 1) Que los tests de ejercicio diseñados para caballos de 
resistencia  permitirán  la  obtención  de  índices  de  funcionalidad  cardiovascular  y 
metabólica;  2)  Que  los  caballos  de  resistencia  con  mejor  rendimiento  mostrarán  una 
capacidad  aerobia  mayor,  y  esta  característica  se  evidenciará  en  los  parámetros 
ergoespirométricos, cardiovasculares y metabólicos, y serán determinantes del tiempo de 
ejercicio hasta la fatiga. 
MATERIAL Y MÉTODOS. Estudio I. Se han estudiado 46 caballos de resistencia, 29 
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hicieron un test de ejercicio en  treadmill y 17 en pista. El test en pista consistió en un 
calentamiento de 1,000 m al paso, seguido de cargas de esfuerzo de 3 min de duración, 
iniciadas a 15 km/h, e incrementando en 3 km/h cada carga, hasta la fatiga o hasta que el 
caballo superó una concentración de lactato (LA) de 4 mmol/l. El enfriamiento consistió 
en recorrer 1,000 m al paso. El test en  treadmill ha sido el mismo en los tres estudios, 
consistente en un calentamiento (5 min al paso y 5 min al trote,  con el  treadmill sin 
inclinación), seguido por cargas de esfuerzo progresivas desde 5 m/s, con el treadmill al 
6% e incrementando la velocidad en 1 m/s cada 3 min hasta que el caballo fue incapaz de 
mantener la velocidad requerida. El enfriamiento fue inverso al calentamiento (5 min de 
trote y 5 min de paso con el treadmill sin inclinación). En los tres estudios, se monitorizó 
la frecuencia cardíaca (HR) y se obtuvieron muestras de sangre venosa para medir la 
concentración  de  LA.  Se  controló  el  tiempo  de  ejercicio  hasta  la  fatiga,  ETF  (sin 
considerar calentamiento ni enfriamiento).  Estudio II.  Se estudiaron los 29 caballos de 
resistencia que hicieron un test en  treadmill, los cuales fueron divididos en dos grupos 
según la opinión del entrenador y los resultados deportivos durante los 6 meses previos al 
test:  GP ('good performers',  n=19)  y  LP  ('low performers',  n=10).  Durante  el  test  de 
ejercicio, los caballos llevaron una máscara ergoespirométrica. Estudio III. Se calcularon 
los índices de funcionalidad derivados de HR (V150 y V200, velocidades de ejercicio a 150 
y 200 lat/min respectivamente),  de LA (VLA2 y VLA4, velocidades de ejercicio a 2 y 4 
mmol/l, respectivamente, umbrales lactácidos aerobio y anaerobio; HRLA2 y HRLA4, HRs a 
2 y 4 mmol/l de LA) y del ácido úrico (UA) en los 29 caballos de resistencia que hicieron 
el test de ejercicio en treadmill, divididos en los dos grupos de rendimiento. 
RESULTADOS. Estudio  I. En  cuanto  a  los  tests  en  campo,  la  duración  media  de 
ejercicio fue de 810,0 s, ningún caballo alcanzó una HR media superior a 200 lat/min de 
HR y 6 de los 17 caballos no lograron concentraciones de LA post-ejercicio superiores a 
4 mmol/l. En cuanto a los tests en treadmill, la duración media de ejercicio fue de 734,8 
s. Catorce de los 29 caballos estudiaron alcanzaron HRs superiores a 200 lat/min y todos 
los caballos lograron concentraciones post-ejercicio de LA mayores  de 4 mmol/l.  Los 
coeficientes de regresión entre HR y velocidad y entre LA y velocidad fueron superiores 
en los tests en treadmill en comparación con los tests en pista. Estudio II. Los caballos 
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del  grupo  GP  mostraron  volúmenes  tidales  (TV)  y  ventilación  minuto  (VE) 
(normalizados por peso), superiores a los del grupo LP. Además, el grupo GP presentó 
valores más elevados de consumo de oxígeno (VO2), velocidad a la cual el cociente de 
intercambio respiratorio RER supera la unidad, umbral anaerobio respiratorio y ETF, sin 
observarse diferencias significativas en los equivalentes ventilatorios para el O2 y el CO2 
y en el umbral respiratorio aerobio. El grupo LP fue incapaz de elevar significativamente 
VO2 durante el ejercicio, al contrario de lo que ocurrió con el grupo GP. Estudio III. Los 
caballos del grupo GP presentaron valores superiores de V150, V200, VLA2, VLA4 y HRLA4 y 
concentraciones  inferiores  de  UA post-ejercicio  en  comparación  con  los  caballos  del 
grupo LP. ETF estuvo relacionado positivamente con V150, V200, VLA2, VLA4 y HRLA4 y de 
forma negativa con UA post-ejercicio. Los valores de TV, VE y VO2 medidos a 8 m/s 
estuvieron correlacionados con VLA4 y HRLA4. Se han encontrado, además, correlaciones 
significativas entre los umbrales aerobio y anaerobio, lactátidos y ventilatorios. 
CONCLUSIONES. 1) Los coeficientes de regresión entre velocidad, HR y LA fueron 
inferiores  en los tests  en pista en comparación con los tests en  treadmill;  2) Muchos 
caballos que hicieron el test en pista no alcanzaron HRs superiores a los 200 lat/min ni 
concentraciones de LA superiores a los 4 mmol/l, por lo que el cálculo de los índices de 
funcionalidad  se  realizó  mediante  extrapolación  en  la  expresión  matemática;  3)  Los 
caballos  de  resistencia  con  mejor  rendimiento  mostraron  valores  superiores  de  los 
volúmenes ventilatorios, de VO2 y una velocidad superior  a la cual el RER supera la 
unidad,  estando  estas  características  relacionadas  de  forma positiva  con  ETF;  4)  Los 
caballos de resistencia con mejor rendimiento presentaron una capacidad cardiovascular 
mayor (V150 y V200 superiores), menor acumulación de LA (VLA2, VLA4 y HRLA4 superiores) 
y  de  UA  en  respuesta  al  ejercicio,  estando  estos  parámetros  relacionados  con  las 
características ergoespirométricas y ETF. 
PALABRAS CLAVE. Caballos. Consumo de oxígeno. Ejercicio. Frecuencia cardíaca. 
Lactato. Metabolismo. Rendimiento físico. Resistencia.
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FIELD AND TREADMILL EXERCISE TESTS IN THE 
ENDURANCE HORSE: METHODOLOGY, MEASUREMENTS AND 
INTERPRETATION
BACKGROUND. Fitness and training level in a sport horse can be evaluated with an 
exercise  test,  in  field  conditions  or  in  treadmill.  The  design  of  the  exercise  tests  is 
essential to obtain performance indices that could assess the functionality of the main 
body systems implied in exercise. 
OBJECTIVES. The  current  research  has  been  divided  into  three  studies,  with  the 
following aims. Study I. To describe critically the exercise tests used in the Equine Sport 
Medicine  Centre  of  the  University  of  Córdoba  for  endurance  horses,  evaluating  the 
benefits and drawbacks and analyzing whether these tests would permit the calculation of 
functionality indices.  Study II. To analyze the ergoespirometric differences associated 
with exercise in endurance horses with different performance.  Study III. To assess the 
cardiovascular and metabolic differences in endurance horses with different performance 
and to analyze their effect on the time of exercise to fatigue (ETF). The main objective 
of the research presented here was to provide information about the exercise tests for 
assessing fitness in endurance horses and to elucidate which parameters and functionality 
indices  are  more  useful  in  order  to  discriminate  endurance  horses  according  to  their 
performance. 
HYPOTHESIS TO CHECK. 1) The exercise tests designed for endurance horses would 
permit the calculation of cardiovascular and metabolic indices; 2) Endurance horses with 
better performance would have greater aerobic capacity, this fact would be related with 
the ergoespirometric, cardiovascular and metabolic adaptations to exercise and they will 
be determinant of ETF.
MATERIAL AND METHODS. Study I.  Forty-six endurance horses were studied, 29 
carried out a treadmill exercise test and 17 carried out a field exercise test. Field exercise 
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tests consisted in a warming-up period (1,000 m at walk), with workloads of 3 min of 
duration, starting at 15 km/h and increasing the velocity in 3 km/h in each workload, until 
fatigue or until the horse had a blood lactate (LA) concentration higher than 4 mmol/l. 
Warming-down consisted in 1,000 m at walk. The treadmill exercise test was the same 
for the three studies and consisted in a warming-up period (5 min at walk and 5 min at 
trot, with the treadmill uninclined), followed by progressive workloads, starting at 5 m/s, 
with the treadmill sloped 6% e increasing the velocity by 1 m/s every 3 min until fatigue. 
The warming-down consisted in 5 min at trot and 5 min at walk with the treadmill flat. In 
the three studies, heart rate (HR) was monitored and blood samples were taken in order to 
measure blood LA and uric acid (UA) concentrations. Exercise time to fatigue (ETF) was 
recorded  (excluding  warming-up  and  warming-down  periods).  Study  II. The  29 
endurance  horses  subjected  to  treadmill  exercise  tests  were  divided  into  two  groups 
according to the opinion of the trainers and the results in competition during the 6 months 
previous to the tests. The animals were divided into: group GP ('good performers', n=19) 
and  LP  ('low  performers',  n=10).  During  the  exercise  tests,  the  horses  wore  an 
ergoespirometric mask.  Study III. Functional indices derived from HR (V150 and V200, 
exercise  velocities  at  150 and 200  beats/min  respectively),  from LA  (VLA2 and  VLA4, 
exercise velocities at 2 y 4 mmol/l,  respectively,  LA aerobic and anaerobic threshold; 
HRLA2 y HRLA4, HRs at 2 y 4 mmol/l of LA) and from UA concentrations were calculated 
the 29 endurance horses that carried out the treadmill exercise tests, divided into the two 
performance groups. RESULTS. Study I. In the field exercise test, the mean duration of 
exercise was of 810.0 s, none of the horses was able to reach mean HRs higher than 200 
beats/min and six of the 17 horses did not achieve post-exercise LA concentrations higher 
than 4 mmol/l. In the treadmill exercise test, the mean duration of exercise was of 734.8 
s. Forteen of the 29 horses studied reached HRs higher than 200 beats/min and all the 
horses  had  post-exercise  LA  concentrations  higher  than  4  mmol/l.  The  regression 
coefficients  between HR, velocity and LA were  higher  in  the treadmill  exercise tests 
compared  to  the field  exercise  tests.  Study II. Horses  of  GP group  had higher  tidal 
volume (TV) and minute ventilation (VE) (normalized by body weight) than the horses of 
group LP. In addition, horses of group GP had higher oxygen uptake (VO2), velocity at 
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which respiratory exchange ratio RER was higher than the unity, respiratory anaerobic 
threshold and ETF, without significant differences for ventilatory equivalents for O2 and 
CO2 and respiratory aerobic threshold. The horses of group LP were unable to increase 
VO2 in response to exercise, as opposite as happened in the horses of group GP. Study 
III. The horses of group GP showed significant higher values of V150, V200, VLA2, VLA4 and 
HRLA4 and lower post-exercise UA concentrations compared to horses of group LP. ETF 
was positively correlated with V150, V200, VLA2, VLA4 and HRLA4 and negatively correlated 
with post-exercise UA concentrations. Values of TV, VE and VO2,  measured at 8 m/s, 
were positively correlated with VLA4 and HRLA4. Further, significant positive correlations 
between lactate and respiratory aerobic and anaerobic thresholds were found. 
CONCLUSIONS. 1) Regression's coefficients between velocity, HR and LA were lower 
in field exercise tests compared to treadmill exercise tests, 2) A high number of horses 
that carried out the field exercise test did nor reach mean HRs higher than 200 beats/min 
neither  blood  LA  concentrations  higher  than  4  mmol/l.  As  a  consequence,  the 
functionality indices derived from HR and LA were calculated by extrapolation in the 
mathematical  equations;  3)  Endurance  horses  with  better  performance  had  higher 
ventilatory volumes,  higher  VO2,  higher  velocity at  which RER was greater  than the 
unity, and these characteristics were positively correlated with ETF; 4) Endurance horses 
with higher  performance had a greater  cardiovascular  capacity (higher  V150 and V200), 
lower  blood  LA  accumulation  (higher  VLA2,  VLA4 and  HRLA4)  and  post-exercise  UA 
concentrations,  and these parameters were positively related with the ergoespirometric 
characteristics and EFT. 
KEY  WORDS.  Endurance.  Exercise.  Heart  rate.  Horses.  Lactate.  Oxygen  uptake. 
Performance. 
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Abstract Significant differences exist in the respiratory
adaptation to exercise in different equine breeds. This
research describes the ergoespirometric response to exercise
of Andalusian (AN) and Arabian (A) horses, both selected
according to morphological criteria. Thirteen untrained
male horses (6 AN and 7 A) performed a treadmill exercise
test (TET) with a slope of 6%, with workloads starting from
5 m/s and increasing 1 m/s every 3 min until the horses
were not able to keep the required velocity. Tidal volume
(TV), respiratory rate, minute ventilation (VE), oxygen
uptake (VO2), carbon dioxide production, peak oxygen
uptake (VO2peak), respiratory exchange ratio (RER),
exercise time to fatigue (ETF) and respiratory aerobic
threshold (RAT) were determined. AN horses presented
higher TV and VE, whereas respiratory rate, VO2 and
VCO2 were lower at the same velocities. RER was similar
between breeds. ETF was longer in A horses (556.7±66.5
in AN vs. 607.1±71.1 s in A) and no significant differences
were found in RAT (5.50±0.50 in AN vs. 5.86±1.07 m/s in
A). In summary, despite the more intense ventilatory
response to exercise at the same velocity, AN horses had
lower VO2. The AN horse develops a more intense
ventilatory response to fixed velocities than the A horse
and it could be interesting to clarify the role of the
locomotion characteristics in this response.
Keywords Exercise . Horses . Respiratory rate . Oxygen
uptake . Ventilation
Introduction
In the last decades, many studies comparing different
aspects of exercise physiology of the Andalusian (AN)
horse with other equine breeds have been published
(Castejón et al. 1994; Rivero et al. 1995; Muñoz et al.
1998, 1999). They found that performance level and aerobic
capacity are lower in AN horses, and as a consequence, lower
VLA4 (velocity at which blood lactate reaches concentrations
of 4 mmol/l) is a common finding (Castejón et al. 1994;
Muñoz et al. 1998, 1999). Additionally, higher packed cell
volume and haemoglobin concentrations were found after an
exercise test, because of the combined effects of a greater
sweat rate and a greater spleen contraction. This last fact was
attributable to a greater demand of oxygen supply to the
active muscles because of the limited muscle aerobic
capacity (Muñoz et al. 1999).
In order to explain these results, several hypotheses have
been proposed. Firstly, a reduced aerobic potential in the
locomotor muscle of the AN horse has been described
(Rivero et al. 1995). Similarly, the muscle activities of the
enzyme citrate synthase are lower in AN horses, whereas
lactate dehydrogenase are higher in AN horses than other
equine breeds (Escribano et al. 2011). Secondly, AN horses
have shorter stride length, higher stride frequency and
elevated movements (large flexion of carpus and tarsus) rather
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than extended movements of the limbs (Barrey et al. 2002).
These kinematic characteristics would lead to a lower speed
and greater energy expenditure (Muñoz et al. 1999).
Further, other factors such as training and genetic back-
ground should be taken into account. AN horses are mainly
used as saddle horses and for dressage and training pro-
grammes are of low intensity in comparison to other equine
sports. Moreover, AN horses have been selected following
morphological criteria, not the results in competitions. The
research present here has the goal of describing the ergoes-
pirometric response to a treadmill exercise test (TET) of
progressive intensity until fatigue in untrained AN and A
horses. To the authors’ knowledge, this is the first report of the
respiratory response to a TET in AN horses.
Material and methods
Horses
All methods and procedures used in this study were
approved by the Institutional Animal Care Review Board
of the University of Córdoba. Thirteen show male horses
were included in this experiment, 6 AN and 7 A. AN horses
were 4–5 year-old (4.67±1.37 years), with body weights
(BW) of 578.3±48.75 Kg. A horses were of the same age
(4.86±1.21 years), with BW of 486±1.37 Kg. All of them
were healthy according to the results of the physical
examination, focused in the locomotor, respiratory and
cardiovascular systems, and standard haematology and
clinical biochemistry panels. These horses had never been
trained before, and they were raised in large paddocks
After the reception to the Equine Sport Medicine Centre,
the horses were acclimatized to their new housing, feeding
and management protocols during 2 weeks. The horses
were also dewormed and vaccinated. After that, and 1 week
before starting the experiment, the animals were accus-
tomed to the treadmill work and to carry the facemask for
respiratory measurements. Acclimatization consisted in
5 min at walk (1.6 m/s), 10 min at trot (3.5 m/s), 2 min at
gallop (7 m/s), 10 min at trot (3.5 m/s) and 5 min at walk
(1.6 m/s) in a flat treadmill, 5 days/week for 1 week.
Treadmill exercise test (TET)
The standard protocol used for each horse was as follow.
They were subjected to a warming-up period, with 5 min at
walk at 1.6 m/s and 5 min at trot at 3.5 m/s. After that, the
treadmill was inclined, with a 6% of slope and TET started.
It consisted in four workloads, at velocities of 5, 6, 7 and
8 m/s, with 3 min of exercise at each velocity. Therefore,
the horses were exercised for 12 min. Finally, a warming-
down period was followed, with 5 min at trot at 3.5 m/s and
5 min at walk at 1.6 m/s, with the treadmill flat. These
velocities were selected because we have previously found
that most of the untrained unfit AN horses have blood LA
concentrations near 8 mmol/l and heart rates higher than
200 bpm at velocities of 7 m/s (Muñoz et al. 1999).
Furthermore, and because the animals were unfit, the
authors did not consider appropriate to maintain the
exercise intensity for long time with heart rates higher than
200 bpm.
Each horse performed the TET on a high-speed treadmill
(Kagra1) and environmental conditions (mean temperature
and relative humidity) were recorded. Although the TETs
were carried out in different days, differences in tempera-
ture and relative humidity did not reach the statistical
significance.
Ventilatory measurements
In order to carry out the respiratory measurements, a
facemask was put over the nose and mouth and held in
place with a headstall. Then, the free space located between
the mask and the muzzle was sealed by inflating an air tube.
A metabolic gas analyser (Cortex Biophysik2) was used,
which has a transducer fixed to the rostral park of the mask,
where the ultrasonic flow sensor, the infrared sensor and the
entrance hole for the samples of air for %CO2 and O2
determinations are located. Environmental temperature and
barometric pressure were continuously recorded and the
obtained gas values were corrected to STPD (standard
temperature and pressure, dry). The gas analysis system
was calibrated before starting the TETs by using gas
mixtures with known concentrations of O2 and CO2.
Oxygen uptake (VO2) was obtained by using an
electrochemical cell and carbon dioxide production
(VCO2) was measured with a single-beam non-dispersive
infrared sensor. Data are presented as the mean of the
values recorded during the last 60 s of each workload,
including the warming-up and, the warming-down periods.
The following variables were included in the current study:
tidal volume (TV, l), respiratory rate (RR, rpm), minute
ventilation (VE, l/min), oxygen uptake (VO2, ml/kg/min),
carbon dioxide production (VCO2, ml/kg/min) and respi-
ratory exchange ratio (RER). The maximum value obtained
during the TET for VO2 was called peak oxygen uptake
(VO2peak, ml/kg/min). Exercise time to fatigue (ETF, s)
was considered the period of time from the start of the TET,
without taken into account the warming-up period, to the
moment when the horses were unable to keep the pace with
the treadmill, despite of slight encouragement. Respiratory
aerobic threshold (RAT, m/s) was calculated according to
1 Mustang 2000, Fahrwangen, Switzerland
2 Meta Vet 1.0, Leipzig, Germany.
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the V-slope method, as described by Aunola and Rusko
(1986) for human beings.
Statistics
Data are presented throughout the article as mean ± SD.
Statistical analyses were performed using the software
programme Statistica.3 The normal distribution of the studied
variables was investigated with a Shapiro-Wilk test. RR, VO2
and VCO2 did not follow a normal distribution and therefore,
they were log-transformed in order to reach normality. Firstly,
a main effect ANOVAwas made, considering two categorical
predictors or factors: exercise workload and breed. For those
parameters where the effect of the exercise workload was
significant, a repeated-samples ANOVA and when the F
statistic was significant, means were compared with a Tukey
post hoc test in order to assess between which exercise
workload significant differences existed. For those parameters
where the breed effect was significant, an ANOVA for
independent samples was conducted. The correlations be-
tween VO2peak, RAT and ETF were investigated with a
product–moment correlation analysis. In all the cases,
statistical significance was set at p<0.05.
Results
Data for TV, RR, VE, VO2, VCO2 and RER are presented for
AN andA horses respectively in Tables 1 and 2 for each breed.
In both AN and A horses, TVand VO2 presented the same
evolution, with statistically similar values during the warming-
up period, with significant increases at 5 m/s. After that, they
remained elevated during the TET, without significant diffe-
rences between the different exercise workloads. The changes
in VCO2 during the study were parallel to those described for
TVand VO2 in AN horses, whereas A horses presented a first
increase at trot during the warming-up and a second increase at
5 m/s. RR also remained elevated during the TET in both
breeds, although the highest means were found at trot during
the warming-down period in the AN horses and at 5 m/s in the
A horses. VE means underwent two significant increases: at 5
and at 8 m/s in AN horses and at 5 and 7 m/s in A horses
(Tables 1 and 2).
Only 3 AN horses were able to complete the workload of
8 m/s, whereas 6 A horses were able to reach and keep this
exercise intensity. The interbreed differences for the studied
parameters are presented in Table 2. In main lines, AN horses
presented higher TV and VE, and lower VO2 and VCO2.
However, VO2 and VCO2 values were higher at walk during
the warming-up period in AN than in A horses. Table 3
presents the mean values for VO2peak, ETF and RAT.
VO2peak and ETF showed higher means in A than in AN
horses. Although a trend towards higher RAT was observed in
A horses, the difference did not achieve statistical significance.
Discussion
The research presented here was designed in order to
elucidate firstly, whether the reduced aerobic capacity in
the AN breed, reported in many papers before (Castejón
et al. 1994; Muñoz et al. 1998, 1999), was due to a
limitation in the ventilatory adaptation to exercise, may be
in association with the locomotor pattern, and secondly,
whether the differences between AN and A breed, are
related to the genetic background. In fact, A horses have
been traditionally selected for endurance events and they
are expected to have a high aerobic capacity. In order to
resolve these questions, we compared the ventilatory
parameters during a TET in show AN and A horses, of
the same sex and age, in an untrained state and both
belonging to equine farms that have made their selection
following only morphological criteria. It was found that
although AN horses had higher TV and VE than A horses,3 Statsoft, Inc, 2001. Tulsa, Oklahoma, USA
Table 1 Mean values±SD of tidal volume (TV), respiratory rate (RR), minute ventilation (VE), oxygen uptake (VO2), CO2 production (VCO2)
and respiratory exchange ratio (RER) in untrained show Andalusian male horses
N TV (l) RR (rmp) VE (l/min) VO2 (ml/kg/min) VCO2 (ml/kg/min) RER
Warming-up Walk 6 5.857±1.250a 82.62±11.42a 473.1±52.88a 20.28±5.960a 14.71±5.780a 0.710±0.080a
Trot 6 7.545±2.070a 103.8±22.63a 757.6±146.2a 39.15±12.54a 30.19±12.15a 0.760±0.080a
Treadmill exercise test 5 m/s 6 12.54±2.490b 97.77±6.210a 1279±520.3b 73.84±15.49b 64.53±17.17b 0.870±0.070a
6 m/s 6 14.80±2.620b 103.6±5.210a 1525±205.0b 82.64±16.87b 77.89±18.52b 0.940±0.080b
7 m/s 6 15.08±4.060b 106.7±4.070a 1586±521.5b 79.29±19.29b 81.96±24.26b 1.010±0.080b
8 m/s 3 15.56±5.280b 110.4±3.260a 1724±606.4c 85.62±18.90b 88.36±50.80b 1.023+±0.060b
Warming-down Trot 3 12.02±1.290b 121.1±14.79b 1449±175.5b 19.95±6.780a 12.81±10.30a 0.720±0.250a
Walk 3 8.383±0.760a 136.4±8.92b 1141±54.09b 20.07±8.990a 18.02±10.00a 0.742±0.370a
N indicates the number of horses which were able to complete each exercise workload. Different superscripts indicates significant differences at p<0.05
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VO2 andVCO2were lower. Additionally, VO2peakwas higher
and ETF was longer in A horses. Our results demonstrated that
despite the high respiratory volumes of the AN horses, the
efficiency in themetabolic use of the oxygen is low. Therefore, it
was found that, even show A horses, which are not selected for
endurance competitions and they are not trained, have a
moderately higher aerobic capacity than show AN horses.
The higher VE in the AN horses could be attributed both to
higher TV and RR. The significantly greater TV in the AN
horses could be associated with their higher body size. RR was
also higher in AN horses, during the warming-up and at 6, 7 and
8 m/s. RR is substantially affected by the environmental
conditions, as evaporation through the respiratory membranes
with tachypnea is one of the methods of thermoregulation in the
exercising horse (Hodgson et al. 1993). One possible cause of
the higher RR could have been the influence of the thermoreg-
ulatory processes. However, TETs were made in both groups of
horses the same days, with similar environmental conditions.
Secondly, if the higher RR was due to a higher body weight and
metabolic rate, the AN horses should have had higher RR,
instead of the A group. A third explanation could be the release
of catecholamines, which might have been more intense in the
AN horses, resulting in a higher tachypnea.
RR is entrained to stride frequency during the gallop,
phenomenon known as locomotory-respiratory coupling (Atten-
burrow and Goss 1994). A positive correlation between height
at the withers and stride length has been described previously
(Galisteo et al. 1998). A horses are smaller and therefore, it is
expected that their stride length is shorter than other breeds
with more height at the withers. This anatomical characteristic
would make them more dependent on stride frequency when
the maximal stride length has been achieved. According to
these ideas, it is an expected finding that A horses had greater
RR. However, it has been reported that AN horses have shorter
stride length, and therefore, in order to achieve a defined
velocity, they increase the stride frequency (Muñoz et al. 1998,
1999). It should be taken into consideration that these results
were observed in a field test. We have observed that AN horses
in the treadmill are suspended longer and therefore, they
present a shorter stride length. It would be interesting in the
future to compare the locomotor pattern of AN horses in
treadmill and field in order to prove these ideas.
The determination of VO2, and more specifically maximal
VO2 (VO2max) is an important way of assessing aerobic
capacity. It integrates the efficiency and coordination between
respiratory, cardiovascular and neuromuscular systems and
provides both physiological and metabolic information (Van
Erck et al. 2007). Additionally, VO2 is an important
measurement during clinical exercise testing in horses (Rose
et al. 1990; Morris and Seeherman 1991). Therefore, the lower
VO2 and VO2peak in the AN horses confirmed their reduced
aerobic potential. Exercise-associated increases in VO2 are
mediated by increases in both oxygen transport and delivery
and tissue extraction (Fenger et al. 2000). O2 transport can be
associated with heart size. Younget al. (2002) found significant
relationships between VO2max and measurements of left
ventricular size in Thoroughbred horses. VO2max was
correlated with left ventricular internal dimensions at diastole,
mean left ventricular free wall thickness at end-diastole, left
ventricle mass and left ventricle short-axis area. To the authors’
knowledge, the echocardiographic measurements of adult AN
horses have not been published. However, we made echocar-
diographic studies in AN foals up to 1 year of age (Rovira and
Muñoz 2009). These works demonstrated that AN foals have
lower left ventricular internal dimensions and EPSS values
(mitral valve E point- septal separation) than Thoroughbred
Table 2 Mean values±SD of tidal volume (TV), respiratory rate (RR), minute ventilation (VE), oxygen uptake (VO2), CO2 production (VCO2)
and respiratory exchange ratio (RER) in untrained show Arabian male horses
N TV (l) RR (rmp) VE (l/min) VO2 (ml/kg/min) VCO2 (ml/kg/min) RER
Warming-up Walk 7 2.500±1.060a* 50.97±21.47a* 145.3±120.6a* 11.05±8.370a* 9.000±6.620a 0.820±0.130a
Trot 7 5.020±1.310a* 74.39±19.92a* 376.0±127.3a* 37.98±15.53a 32.45±12.97b 0.860±0.110a
Treadmill exercise test 5 m/s 7 9.160±0.700b* 99.13±8.130b 902.7±57.20b* 90.23±10.84b* 82.55±10.78c* 0.920±0.100a
6 m/s 7 10.51±1.190b* 113.9±3.950b* 1194±106.7b* 96.08±12.69b* 92.77±12.08c* 0.990±0.110a*
7 m/s 7 11.55±1.773b 117.7±6.050b* 1348±177.0c* 107.1±13.09b* 106.2±9.440c* 1.010±0.130a
8 m/s 6 11.49±2.100b 117.0±6.050b* 1350±237.7c* 106.9±12.94b* 92.97±42.28c* 1.030±0.120a
Warming-down Trot 6 6.440±1.020a* 134.4±10.13b 968.9±146.5b* 39.34±6.710a* 36.20±6.060b* 0.930±0.150a*
Walk 6 5.300±2.420a* 132.8±17.55b 670.1±180.8b* 33.22±6.020a* 24.71±13.17a 0.740±0.130b
N indicates the number of horses which were able to complete each exercise workload. Different superscripts indicates significant differences at p<0.05.
(*Indicates significant differences with the Andalusian horses at each workload)
Table 3 Peak oxygen uptake (VO2peak), exercise time to fatigue
(ETF) and respiratory aerobic threshold (RAT) in untrained show
Andalusian and Arabian male horses
VO2peak
(ml/kg/min)
Exercise time
to fatigue (s)
Respiratory (m/s)
AN 93.22±11.49 556.7±66.50 5.500±0.500
A 122.6±19.40a 607.1±71.11a 5.860±1.070
a Indicates significances differences between breeds at p<0.05
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foals of the same body weight. These authors suggested
that the higher heart size of the Thoroughbred foals
were because of the genetic selection for racing, since
the foals were untrained. We do not know whether these
findings can be extrapolated to older horses.
A second determinant of VO2 is oxygen delivery to
muscles. There is a proportionality among the different
elements associated with O2 delivery and the primary
metabolic pathways in the locomotor muscles of the horse,
which are also related to the muscle composition. Amstrong
et al. (1992) indicated that blood flow, vascularization,
intracellular O2 storage and/or transfer (myoglobin concen-
tration), tricarboxylic acid cycle enzyme activity, enzymatic
potential for mitochondrial respiration, potential for fatty
acid metabolism (HAD activity) and percentage of pop-
ulations of aerobic fibres are all directly interrelated
(Amstrong et al. 1992). The vascularization of the gluteus
medius muscle in comparison with other breeds has been
investigated (Rivero et al. 1995). In this paper, capillary
density, capillary-to-fibre ratio and mean number of
capillaries in contact with fibres of each histochemical type
in relation to the cross-section area were determined. The
last parameter was significantly lower in AN than in AA
horses, indicating that muscle fibres have less capillaries in
relation to their area, and therefore, O2 supply to muscles
appears to be lower than in the AA horses. Oxidative
enzyme activities are lower in the AN horse (Escribano et
al. 2011). Further, muscle morphometric studies revealed
that AN horses have larger myofibres than A (Rivero and
Diz 1992). The largest muscle fibres of AN horses would
represent a disadvantage for the aerobic metabolism,
because of the correlation between cross-sectional fibre
and oxygen diffusion time (Rivero and Diz 1992). In
addition, the supply of oxygen and blood-borne substrates
would be faster and more efficient in small fibres than in
larger fibres.
Many researchers have confirmed that the metabolic
aerobic threshold, derived from the accumulation of lactate
in the bloodstream, is lower in AN horses (Castejón et al.
1994; Muñoz et al. 1997). In the current study, although a
trend towards higher RAT was observed in the A horses, it
did not achieve the statistical significance, possibly because
of the large variation in RAT in the AN horses.
The relationship between VO2 and performance has
been defined in human beings (Boileau et al. 1982; Dengel
et al. 1989; Dupont et al. 2005; Millet et al. 2011). Thus,
human athletes competing in medium and long distance
marathons and triathlons with high success have higher
VO2max in comparison with moderate performers. This
relationship is not clear in the equine athlete, although
Standardbred horses with higher VO2max have higher
performance (Gavreau et al. 1995). In our research, a
moderate correlation between ETF and VO2peak was
found (r=0.590). On the basis of these results, it is
suggested that the higher VO2 of the A horses led to a
longer EFT.
In summary, this study aimed to describe the ergoes-
pirometric characteristics of the untrained AN horses in
comparison with the A horses, mainly when both groups of
horses were selected following morphological criteria
instead of functionality for sport. It was found that although
the AN horses had higher ventilatory volumes, VO2 was
lower. In addition, a positive significant correlation between
VO2peak and treadmill exercise time to fatigue was found.
It is concluded that even when AN and A horses are
selected for morphological purposes, A horses have a
greater aerobic potential.
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